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FOREWORD

The TAG program was written at the Jet Propulsion
Laboratory by Mr. William J. Thomas and is based
on an approach to network analysis deveioped by
Dr. Kenneth Lock in his doctoral thesis for the
California Institute of Technology entitled
Coordinate Selection in Numerical Analysis. This

manual was written at the end of a year's study
and usage of the TAG system. A great deal of the
material presented here is a direct result of this
year of experience. Equally important sources,
however, were the many conversations with the pro-
gram author and a document written by him entitled
Transient Analysis Generator (TAG). This is a

first attempt at a detailed, engineering-oriented
user's manual and may include a few unintentional
errors and unclear explanations. Any areas of
questionable accuracy or clarity should be brought
to the attention of Mr. William Shubert of the Jet
Propulsion Laboratory who acted as responsible
engineer over the contract under which this work
was financed. It is advised that this document be
revised and updated periodically to improve its
accuracy and clarity and to keep it up to date with

changes in the TAG system.
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1.0

- INTRODUCTION TO TAG CIRCUIT ANALYSIS

The automatic circuit analysis program described in this
manual is called TAG for Transient Analysis Generator.

TAG is actually a system of programs which provide a means
for simulating both the transient and DC steady state
behavior of a large class of electrical networks. The

TAG system was designed to provide this capability at a
minimum of effort on the part of the user. As a first
effort it comes remarkably close to achieving most of its
goals. Not only are a very large class of lumped linear,
bilateral, passive networks covered by this analyzer but

a significant number of non-linear, non-bilateral networks
are also capable of being accurately simulated.

TAG is called an analysis generator because it does indeed
generate a special analysis program for each circuit de-
scribed to it. The language by which the circuit topology,
parameter values, and type of simulation desired are de-
scribed to the TAG system are discussed in detail in sec-
tion 3 of this manual. While an initial perusal of this
section might lead to the impression that TAG is difficult
to use, a couple of sample problems should be all that is
necessary for the average user to achieve a reasonable
facility in the detailed procedures required by an average'
circuit., The simulation program generated by TAG is in
the language of Fortran II and may be understood with rel-
ative ease by anyone who has access to any of the many
available Fortran manuals.

The creation of a special simulation program for each cir-
cuit which is in an easily understood and manipulated pro-

gramming language provides two features that are unique



to the TAG system and give it at least a philosophical
advantage over all other known circuit analysis programs.
Program readability allows the user to check the actual
equations that are generated to simulate the behavior of
a particular circuit. These equations appear in symbolic
form in matrix format and provide an additional check
against errors in the circuit description. Easy manip-
ulation of the simulation program provides unmatched
flexibility in the number and type of simulations capa-
ble of being performed.

One further feature that increases the usefulness of TAG,
over most competative programs is its capability of handling
a wide variety of non-linear component models. Desired
model functions may be incorporated into the system by
any user in the form of Fortran II arithmetic statements
and subroutines. For transient analysis both continuous
non-linear and linear-segmented functions may be created
within the framework of the system. While, at present,
some difficulty arises in the case of non-linear DC
steady state analysis, a reasonable number of such cir-
cuits have been successfully simulated to show that such
analyses can be achieved.

The TAG system is composed of two basic parts. The first
part, which actually generates the solution program, is
called the generator or preprocessor The preprocessor
interprets the user's circuit description, generates the
proper set of simulation equations, and imbeds them in
the Fortran solution program. This solution program

is unique to the given circuit topology and is available
in punched card form as an output of the TAG system. In

this form it may be rerun anytime a circuit of that




particular type requires simulation. This program is like
any other Fortran II program and may be run without ref-
erence to the TAG preprocessor as long as all required
subroutine coding is provided during such executions.

The second part of TAG is the execution or simulation
system. This system is comprised of the set of subrou-
tines required to actually run a generated solution pro-
gram. These subroutines provide the detailed solution

and control processes required by the simulation program.
While the preprocessor is stored on magnetic tape to be
called into use by a couple of special control cards, the
execution system is stored on cards in relocatable binary
form and must be included in all TAG system decks submitted
for a simulation run.

Preprocessing and execution may be combined in a single
computer run. In such cases it is not necessary to re-
trieve the solution program in card form unless it is de-
sired for future use. The system, when run in this one
pass mode, provides a simplicity of operation that the
beginner should take advantage of. The solution program
should not be of concern until the user has achieved an
adequate facility in the mechanics of setting up prob-
lems and running them.

As the user acquires a facility in the basic language and
set up procedures of TAG, the great flexibility of the
overall TAG system will become of greater and greater use.
This flexibility provides for a wide range of analytical
investigation and experimentation. Each user will develop
a methodology for using TAG and will undoubtedly find areas
in which TAG procedures may be improved. This first user's
manual will hbpefully provide enough material to get people
started.



2.
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TAG SYSTEM DESCRIPTION

A,

Introduction

General Requirements of Circuit Analysis - The

general problem of circuit analysis will be
defined here as the task of determining, accord-
ing to some criteria, the degree to which a speci-
fic circuit topology performs to a given func-
tional specification, The criteria are often
applied in the process of selecting the range

of component parameter distributions for which
the circuit will be required to function properly.
Three of the better known parameter distribution
criteria used axre nominal, worst-case, and Monte
Carlo, However the rules of analysis are esta-
blished, the basic element in any method is a
procedure for relating the established parameter
distributions to actual circuit performance. The
most direct method of accomplishing this is to
build the actual circuit and test it in the
laboratory. Unfortunately this method is not
only time-consuming and expensive but lacks the
facility for complete control over the circuit
parameter distributions treated which, in turn,
defeats the original intent of the analysis,
Automatic circuit simulation by computer repre-
sents a second procedure which, at least theore-
tically, has all the directness of the breadboard
and test'method but none of its disastrous uncer-
tainty. Ease and speed of simulation represent
the two most important features required of any

such process,



The TAG program was designed to provide just such
a high speed circuit simulator for a reasonably
broad class of electronic circuits. With some
modification TAG's ease of use and range of cir-
cuit capability should be expendable to that
covered by any other presently available program,
Its unique structure also makes it ideally suit-
able for further development within the present
rapidly developing state of the art of computer

programming and hardware,

Because of the wide range of analysis rules for
which simulation must be performed, and the wide
and ever changing range of electronic component
types, program flexibility is an additional
important feature of any circuit analysis program,
In this area TAG is uniquely superior to any
other program known to exist. Component models
may be added, modified, or deleted by even the
most unsophisticated user. More advanced users
can even add extra equations of contraint to the
circuit simulation equations to allow the direct
computation of performance specification states
and eliminate the usual procedure of interpolating
such information from performance curves. At

the most advanced levels extra programming state-
ments may be added to any individual circuit
simulation program, which will automatically
provide the extra data manipulation, bookkeeping,
and computation required by any of the iterative

or statistical analysis techniques,




General Functional Description of TAG - The TAG

system is most generally viewed as a digital
simulator of electronic circuiés. The .mode of
simulation is a set of first order differential
and/or algebraic equations which describe the
behavior of that set of variables sufficient to
fully describe the state of the circuit for any
time during the period of simulation, This set
of equations is automatically generated by TAG
from a description of the circuit topology, and
expressed symbolically in an easily understood
matrix format., TAG then generates a special
Fortran II source program which is tailored to
solve the particular set of simulation equations
‘which fit the network under analysis. This
special solution program, in which the simulation
equations are imbedded, provides all the functions
required to describe special component functions,
print and plot desired circuit variables, input
any desired set of component parameter values

and perform the actual solution processes.

The two features of TAG which make it unique
among available circuit analysis programs are
the generation of simulation equations in sym-
bolic format, and the generation of a solution
program tailor-made to solve those equations,
The solution program which is available to the
user in a permanent form as a Fortran source
program card deck is unique to the circuit topo-
logy and does not reflect any given set of com-
ponent values. Therefore a given TAG generated

solution program can be used to simulate a given




network for almost any distribution of component
parameter values desired (there are certain
numerical process limitations to this feature) .
The source program deck is also available to the
user for modification of mathematical component
models or addition of program steps to help imple-
ment any desired analytical process (i.e., auto-

matic worst case, Monte Carlo, etc.).

The levels of system flexibility described above
will be generally useful only to the more advanced
users. At the simplest level TAG can be run as

a single pass, production program for which the
user need not be aware of any of its internal
process steps. Simulation of standard, well
behaved circuits can be set up and run following
a "cook book" set of directions. Unfortunately,
some problems still plague the solution processor,
and operation at this lowest level is not as
effective as it might be. This situation will
hopefully be remedied as the TAG program becomes
more fully developed and debugged.

In summary, TAG provides a means of rapidly and
accurately simulating the behavior of a large

class of electronic circuits. 1In addition, its
unique structure makes it flexible enough to be
adapted to almost any set of analysis rules

desired. Finally, its conceptually advanced mechani~
zation should allow it to grow in capability as

the state of the art in this area develops.




B.

Class of Problems Solved by TAG

Types of Simulation Performed by TAG - In terms

of procedural classifications TAG performs both

DC steady state and transient analysis of elec-
trical networks. This type of classification,
while very meaningful in terms of computational
efficiency, tends to be somewhat misleading since
the DC and AC steady state behavior can be viewed
as the long term transient response of a network
to voltage or current excitations which are respec-
tively either constant or sinusoidally varying in
time., For this reason and because its behavior

is more closely analogous to the actual physical
system, transient analysis can be considered to

be the most basic of the three processes mentioned.
However, there are many important cases for which
both DC and AC steady state analysis are much
preferred over transient analysis, because of the
computational efficiencies which have been developeqd
to handle each process, and because the special
situations treated by these two procedures very
closely match the true circuit behavior. DC

steady state analysis is probably of more immediate
importance because of its ability to economically
provide initial values to transient analysis runs,
AC steady state analysis should, however, be added
to TAG in order to complete its repertoire of capa-

bilities,

Transient and DC steady state analysis can be com-
bined to perform the following more general types

of analysis.



Pure DC Steady-State Analysis

Static operating point analysis: The DC
steady-state response to a single set of
fixed voltage and current sources is cal-
culatead,

Static transfer characteristic analysis:
A series of DC steady-state responses is
calculated as one of the static voltage
or current sources is stepped through a

range of values,

Low frequency transient analysis: This

is the same as the static transfer charac-
teristic analysis except that values taken
on by the varying source are functionally
related to the independent variable time.
It is assumed here that the time period
over which the circuit changes state is
very long with respect to all local circuit

time constants.

Recurrent low frequency transient and AC
steady-state analysis: This is the same
as the low frequency transient analysis
except that the wave form of the input

source 1is recurrent or sinusoidal.

Combined DC Steady State and Transient Analysis

General transient analysis: DC steady state
analysis is used to supply the initial con-

ditions to the desired transient performance
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run. DC steady state analysis can also be
used to eliminate circuit time constants
which are too short to be of interest at

the desired solution resolution., The time
response of interest is generated by inte-
grating the transient simulation differen-
tial equations from time to to some future
time tf.

Recurrent transient and AC steady state
analysis: This is the same as static
operating point analysis except that the
input wave form is either generally recurrent
in time or specifically sinusoidal. 1Initial

condition transients are allowed to subside.

c. Transient Analysis Only

Power on sequence analysis: Here the ini-
tial conditions are always zero and only
the initial time response to the applica-
tion of a voltage or current source is
desired. This may be extended to apply

to a sequence of power on steps. Even here
it may be desirable to eliminate some of
the small time constants by using the DC
steady-state representation of a portion

of the circuit.

While the TAG system may be called upon to per-
form any or all of the above analyses for a
given circuit, the present system may not per-

form economically. The circuit topology itself



is the biggest and, unforturnately, at present,
the least understood factor in determining the
economic effectiveness of TAG. Reliable rules

of thumb are not yet available to provide guidance
to the average engineer., The processes involved
are becoming better understood, and such a set

of rules should be forthcoming.

Types of Networks Simulated by TAG - The TAG pro-

gram will theoretically generate a reliable
mathematical model to represent any physically
realizable interconnection of idealized voltage
sources, capacitances, conductances, reciprocal
inductances, current sources, and ideal trans-
former windings. However, there obviously exists
a set of limiting factors which establish the
practical bounds within which TAG's theoretical
capability will operate satisfactorily. Since

it is intended here to define TAG's capabilities
in terms of allowed element type only, these
practical system limitations will be treated in
detail in a later section, For each of the com-
ponent or element types recognized by the present
TAG system there exists a single characterizing
parameter which describes its terminal properties.
These are listed below:



Characterizing .
Element Types Parameter Branch Equations
Voltage Source v Vj =V
dv .
Capacitance C lj = C aEl
Conductance G ij =G . Vj
Reciprocal . _
Inductance¥* L lj - Lfvjdt = L
Current Source I ij = I
. Trans former N V.
Winding ﬁl = a constant
J
| n
| 2. iN. =0
j=l J J
for all n windings
(j = 1,2,---n) of
the transformer

*TAG uses the symbol L for reciprocal inductance. This should
be kept in mind throughout the text.




TAG will simulate any system for which an accurate
electrical analog can '‘be developed in terms of
these allowed branch components, Furthermore,
since the characterizing parameter values show

up only as numbers which determine the co-efficients
of the simulation equations, negativé values may
be used where desired as long as no mathematical
problems (singular matrices, unstable integration,
etc.), arise from such action. This level of
flexibility should add considerably to the general
usefulness of the program. For example, if one
can generate an accurate lumped thermal model for
a given transistor, its temperature behavior

along with its electrical behavior could be rela-

tively easily simulated within a single circuit.

Linear circuits will be defined in the TAG sense
as any network constructed from the allowed ele-
ments for which the characterizing parameters

are all either constant or purely time dependent.
TAG quite readily simulates all such circuits
which are physically realizable and some few
(those having negative component values) which
are not, Time dependent component parameters

may be described by any functional relationship
that can be written within the very broad limita-
tions of Fortran II computer language. Disconti-
nuous time dependent functions can be handled by
a special step function subroutine provided as

part of the TAG system,



Non-linear circuits are defined as those networks
which contain elements whose characterizing para-
meter value is a function of one or more of the
circuit dependent variables, Here again func-
tional dependencies must be described within the
syntax allowed by Fortran II. Discontinuous
functional relationships are accommodated by the
ability of the program to stop the solution at
any specified value of a dependent variable
function, change co-efficients in any of the
computational matrices, and restart as though a
new problem has been entered whose initial con-
ditions are the final values of the old problem,
Thus a junction diode can either be modeled as

a current source whose value changes continuously
with the voltage across it according to the classi-
cal exponential diode equation, or it can be
modeled as the parallel combination of a fixed
conductance and current source whose values
change only at specified breakpoints. Thus
either non-linear or piecewise-linear modeling

can be accommodated within TAG.

Of the six basic electrical elements recognized
by TAG, the ideal transformer winding is the
only one which cannot be controlled as a func-
tion of time, because it is treated numerically
rather than symbolically during the equation
generation process., Dependent variable control
is further restricted to capacitances, conduc-
tances, reciprocal inductances, and current
sources, Exercise of dependent variable control
over conductances and reciprocal inductances '
should be handled with care because of the defini-
tion assigned to each by the forms of the TAG

2-11



‘ generated equations., This will be treated in

more detail in later sections,

C. Operational Description of TAG

In this section TAG circuit simulation is presented
as a series of five operations performed by the user.
Here, the computing system* and TAG program are treated
as a perfect machine to which problems are submitted in
proper format and from which answers are retrieved as
lists of numbers on plotted curves. For many problems
the user need not perform.any but these five steps.
However, as a user becomes more familiar with the system
it will become apparent that a much broader usage may
be achieved by a deeper understanding of the processor
itself. '

Step 1l: Problem Definition and Evaluation

. This step, required by any analysis proce-
‘dure, is extremely important to the success
of a TAG analysis because of the relatively
rigid and complex computing system in which
TAG is imbedded. Further, TAG will not
economically handle all types of analysis
on all circuit configurations. During this
step the following questions must be answered
satisfactorily before proceeding to the TAG

process itself,

a) What is the exact configuration of

the circuit to be analyzed?

b) Do adequate models exist for all com-

ponents shown on the circuit schematic?

. *The computing system contains the computer proper, all peripheral
' equipment, and all operators required to transform program decks
into output listings or plots.
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Step 2:

c) What functional property of the circuit

is to be investigated?

d) Can TAG properly simulate the required

function?

e) What is the nature of the parameter
distribution for which the simulation

is to be made?

f) What circuit variables are required as
outputs in order to achieve an effective

analysis?

Preparation of Circuit Schematic for Input
to TAG

During this step the original circuit sche-
matic must be transformed into a format
consistent with the special language allowed
by the TAG processor. This requires the
construction of an equivalent circuit in
which all special components.are shown as
combinations of the six basic TAG allowed
elements. In addition, all equivalent cir-
cuit nodes are assigned numbers which
increase consecutively from zero. Finally,
all of the electrical components which
appear on this circuit schematic must be
relabeled in accordance with the rules for
describing TAG circuit elements. This set
of procedures translates the users circuit
schematic into one which may be entered into
the TAG system,




Step 3:

In addition to transforming the circuit
schematic into a format acceptable to TAG

it is also necessary to generate a set of
component parameter values which are con-
sistent with the parameter distribution
under investigation and the requirements

of TAG. Resistance, inductance, and turns
ratio numbers must be converted respectively
into conductance, reciprocal inductance,

and equivalent turns-per-winding. Special

components which are described as dependent

‘equivalent TAG elements may very well be

controlled by parameters which are not
directly available from measurements or
data sheets. These must be calculated and
formatted to be consistent with TAG.

Translate TAG Equivalent Circuit into a

Form Acceptable to the Computer

Since the computer will not accept either
pictorial or printed information directly,
it is necessary to transfer all circuit
information onto punched cards which can

be read directly by the computing machine,
This is generally a two step process in
which the required information is first
recorded on special coding sheets whose
lines each correspond directly to the charac-
ter format of a punched card and then trans-
ferred to a set of cards by a keypunch
machine. Generally the user need only pre-

pare the coding forms since both keypunch



machine and operator are usually supplied

by computing system.

The coding sheets can be set up easily

using only the cook book procedures pre-
sented in the second section of the users
manual. In general the coding can be copied
directly off the equivalent TAG circuit
schematic, However, great care must be

taken to follow the given procedures exactly.
The computer will interpret only what appears
on the coding sheets and is completely con-
fused by any error in punctuation, format,

or character designation., TAG has been set
up to give as much freedom of expression to
the user as possible; however, every character
which is presented to the computer is essen-
tial in that it forces some sort of action

to take place. For this reason following

the rules to the letter is of utmost impor-

tance.

The exact procedures required for using TAG
will be presented in the second half of the
users manual in enough detail to allow any
reasonably experienced circuit engineer to
successfully go through the mechanics of
setting up problems for TAG. While not an
absdlute necessity, it should be extremely
helpful for a new user to carefully read a
Fortran II programming manual. Not only is
the general syntax of TAG taken from Fortran

II (except for the topological description)



Step 4:

but the Fortran II programming manual con-
tains several helpful discussions which
cover computing languages and coding in

general,

The deck of cards produced from the coding
sheets prepared by the user describes his
particular problem in terms of a simulation
description deck and a component parameter
data deck. The TAG description deck con-
tains all the general information about the
circuit topology and type of simulation to
be performed. The TAG data deck contains
all the information pertinent to the parti-
cular component parameter distribution for
which the given simulation is desired.

This deck of cards, whether keypunched by
the user or by an operator supplied by the
computing system, should be rechecked by
the user against the original equivalent
TAG circuit schematic before proceeding to
the next step.

Assembly of the TAG System Card Deck and
Submittal to the Computing System

In the present JPL system the TAG descrip-
tion and data decks must be combined with
certain computing system control cards and
a portion of the TAG execution program
deck before it can be submitted to the
computing system, An outline of the

required deck setup is shown on the follow-

ing page.



TAG Data Deck

TAG

Execution Deck

Fortran II Subroutin
describing special
- components
TAG Circuit
Description Deck
System Control
Cards

System control cards - The system control cards
are used to automatically alert the computing
system to all the needs of the TAG program. The
most important of thesesets up the extra magnetic
Eape units réquired to run TAG problems and read
in the TAG program itself, which is permanently
stored on tape, and the Fortran II program, which
is permanently stored in the system library.



TAG circuit description deck - As described
above this deck contains all the general
information pertinent to the circuit topo-

logy and type of simulation to be performed.

Fortran II subroutine decks - This deck con-
tains all the user supplied component modeling
subroutines, Any non-standard components
whose descriptions are too complex to be
included in the TAG description deck must be
supplied as Fortran II subroutines. These

are linked to the description deck by a
standard Fortran subroutine call statement
which relates the subroutine variables to

the TAG equivalent circuit variables,

TAG Execution deck -~ This deck contains all
the subroutines required to execute the TAG
produced solution program. These include,
for example, the differential equation inte-
gration subroutine, FMARK, the non-linear

DC steady state solution subroutine, ROOT,
the matrix sumation, difference and multi-
plication subroutines, PSUM, MSUM, and MULT,
respectively, and many others. These have
all been precompiled and appear here in
their most compact machine language or binary

form,

TAG data deck - The data deck as described
above contains all the circuit parameter and

simulation control ﬂumbers pertinent to a



Step 5:

particular analysis. The first card in the
data deck is another special system control
card which tells the computing system that
the cards which follow are all data values.
The last card 'in the deck is called an "end
of fiie card" and tells the system that the

end of the program has been reached.

After the TAG system deck is assembled, as
shown, it can be submitted to the system
and run, The system operators load the
deck into the machine for the run. At run
completion they retrieve the deck, the
answer listing and plots, and return these

to the user,

Evaluation of output and rerun capability

The final step, which is as wvital to the
process of analysis as any other, is a
careful evaluation of each simulation,

The importance of this step cannot be over-
stressed. TAG will faithfully simulate any
circuit which is properly described to it
whether it happens to be the correct one

or not. A check on the reasonableness of
the answers is always desirable. A second
check is provided, however, in the form of
the symbolic simulation equations. These
are listed in matrix format as part of the
Fortran II solution program generated by
TAG. With a little practice equation check-

ing is relatively easy to do.



Once a TAG solution program has been generated
and proves to be correct for the desired
circuit the solution program itself can be
generated in card form and submitted in
place of the TAG description deck. Removal
of certain of the system control cards and

a direct substitution of the generated solu-
tion source deck for the description deck

is all that is necessary. The data deck may
be modified at will to allow many component
parameter distributions to be run from a
single TAG solution program generation run.
This can add a great deal to the overall
efficiency of TAG analysis,

D. Limitations to TAG Simulation

1. Network Restrictions Imposed by the Requirements

of Realization - The practical limitations to

circuit size and complexity arise from three

separate sources., The first, which is the easiest
to understand ahd cope with, is imposed by the

requirement that the network be connectively
realizable within the constraints set by the

allowed element types.

There must never be more than one path between
any two nodes in a network in which all the

branches are voltage sources.

There must be at least one path between any
two nodes in a network in which none of the-

branches are current sources.



c. An ideal transformer may have no more than
one of its winding voltages fixed by a closed

path of voltage sources.

d. An ideal transformer must have at least one
path between the ends of at least one winding

which does not contain a current source,

e. Use of negative element values where simula-
tion requires it must be handled with care
since the rules for the realization of such

networks are not easily specified.

TAG System Imposed Restrictions - There are con-

straints imposed upon the range of allowed net-
work topologies by the particular mechanization
of the TAG processor. Most of the limitations
which fall into this group can be reasonably
well defined and understood. However, the list
given below is probably not complete since many
of these limitations have been found in the pro-
cess of using the program, and it cannot be very
confidently assuméd that more will not be found

in the future.

a. The present TAG input language has no provi-
sion for describing circuits which contain

over one-hundred nodes.

b. No two nodes within a network may be connected
by more than one element of the same type.



Voltage step excitation should never be
applied to a circuit input port across which

there exists any path of all capacitive ele-
ments,

Current step excitation should never be
applied to a circuit input port across which
there is not at least one path in which no

inductive elements exist.

Inductor initial condition current must be
handled by adding a current source element
which parallels the inductor and has a magni-
tude and direction equal the desired initial

current.

Initial condition voltages can be supplied

to capacitive branches only. For non-linear -
DC steady state simulation this restriction,
if not circumvented at the solution program
level, will often prevent the attainment of

a final solution.

The form in which TAG writes the simulation
equations implies the following definitions
for ¢, G, and L, In the linear case the
given definitions are perfectly adequate;
however, the non-linear extensions of the
definitions of G and L are of questionable
value. Each definition is derived from the
method by which TAG calculates the branch
currents used in the generalized node equi-

librium equations,



dv _ € __dg ; -
= C atc - C = dv_ = av incremental capacitance
iG
=G - v .. G= v ‘ ~ total conductance
iL i
= Lfvdt .. L = TvatE = F total reciprocal

inductance

Experience has shown that it is easier to
model a non-linear G or L by a current source
which is dependent upon either voltage or

voltage integral respectively.

Any node whose voltage must be known should
be connected to a resistor or capacitor. A
non-linear conductance or inductance modeled
by a dependent current source should be con-
sidered to be a current source in this

respect.

Discontinuous functions of the independent
variable (time) which are used to control
element values must use the special step
function subroutine provided to flag the

time at which the discontinuity takes place.

Discontinuous functions of any circuit depen-
dent variable (node pair voltage or voltage
integral) which are used to control element
values must not be used at all in a DC steady

state analysis. 1In a transient analysis such



dependencies must use the dependent variable
stop feature built into the integration
routine to allow the simulation equations to

properly adjust to such discontinuities.

Accuracy and Economic Restrictions - The most

difficult set of limitations to understand and
deal with are those which are imposed on the
range of allowed network topologies by consi-
derations of cost and accuracy. Because of the
difficulty in explicitly defining these restric-
tions in terms of actual circuit configurations,
only a general discussion of these two subjects
can be given here,

DC steady state analysis of circuits which con-
tain elements whose values are non-linearly
dependent upon circuit variables is accomplished
by means of an iteritive solution technique.
This technique requires an initial solution
estimate which is corrected according to a proce-
dure called the Newton-Raphson process. In the
present TAG system this process is not optimally
implemented and will not in general achieve a
suitable solution for any arbitrary first guess.
This can be circumvented by supplying a reasonable
first estimate to the equations., Unfortunately
this must be accomplished by the addition of

coding at the solution program level.

In addition to the above stated problem the accuracy
criteria implemented in the Newton-Raphson sub-
routine is incorrectly applied, This often leads

to situations where the process appears to converge



on an incorrect solution, or fails to converge for
a set of answers which are well within the

accuracy required.

Both of these problems can be circumvented at
the solution program level by additional Fortran
II coding., However, this is accomplished at the
expense of time and confidence. At present
there exists no set of rules by which a user

can tell by visual inspection whether a given
circuit will suffer from such problems or not.
It is felt, however, that significant process
improvements applied to this problem could

achieve a much more effective system,

Transient solutions are achieved by solving sets
of differential equations, Solutions appeare as
a time history of circuit behavior starting at

the initial condition state and proceeding until
time reaches some predetermined value. A step-by-
step integration process is used to calculate the
values of all circuit dependent variables at
discrete points in time. The computer time
required to achieve a solution is directly pro-
portional to the number of computational steps
taken between the initial time and the terminating
time. Unfortunately, the time between solution
points is related very strongly to the accuracy

of the solution and cannot therefore be chosen
arbitrarily to simply meet visual resolution
criteria. The maximum integration time step
allowed for a reasonable accuracy is also strongly

related to the interaction of the local circuit

[\
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‘ ‘ time constants. For this reason circuits having
local time constants very much shorter than the
time period over which the simulation is desired
may require an inordinant amount of machine time
to achieve a single solution run, To be safe
the time step should be maintained at some level

below the smallest circuit time constant.

TAG has the theoretical ability to solve combina-
tions of differential and algebraic equations,
This should allow the user to eliminate insigni-
ficant time constants by "physically" removing
small valued capacitors and inductors from the

TAG equivalent circuit. However, because of
problems presently existing in the DC steady state
equation solver and the time consumed in this

‘ process, such a procedure has not proven effective.

The small time constant problem is basic to the
method used to achieve transient solutions. No
universally satisfactory solution to this problem
has been devised to date. Certain procedures
have been developed to crudely circumvent this
problem in specific cases, where this effect was of
critical importance. A significant breakthrough
is required in this area before truly universal

automatic transient analysis can be achieved.

E. Computing System Requirements for Running TAG

The TAG program is setup at JPL to run on a direct
coupled 7040/7094 computing system, The 7040 provides
all the input/output functions to the 7094 and schedules



the running of programs on the 7094. This system contains
a full set of IBM system subroutines and more than

enough extra tape units and disk storage to support a
program considerably larger than TAG. TAG itself is per-
manently stored on tape and automatically read into the
system.when required. Plotting is provided by a special
program which automatically scales, formats, and writes
the required data onto a tape for the off-line Stromberg-
Carlson SC4020 plotter.

The JPL system is considerably more complex than need
be to run TAG. However, for such a large central computing
system it does provide extremely good turnaround time
(often as low as .5 hours) and a fairly reasonable inter-
face for outside users, Because such a system may not
always be available, it is of interest to describe the

minimum system required by TAG.

TAG's most basic requirements are anKIBM 7094 computer
and a Fortran II, MOD III programming system. The generator
portion of TAG, which derives the simulation equations and
generates the solution program, requires, in addition to
normal input/output/punch files, four scratch tapes or
equivalent disk file logical units. The execution portion
of TAG, which actually performs the simulation, may be
run using only the basic system. However, the JPL auto-
matic plot routine which automatically scales, formats
and writes the required output data on a special SC4020
plot tape requires, in addition to the output tape men-
tioned, three scratch tapes and a host of special sub-

routines which are part of the JPL systems library.



3.0

SET UP OF TAG DESCRIPTION AND DATA DECKS

A. Introduction

This section describes in detail the steps which must
be performed by the user in describing any given cir-
cuit simulation problem to the TAG system. The des-
cription is presented to the computing system in the
form of a deck of key-punched IBM cards. The user need
create only two relatively small portions of this system
deck called the TAG description deck and TAG data deck.
The user produces the information for these decks on
hand-written IBM coding sheets-which may be transformed

to punched card form by the user or, more efficiently,

by a key punch operator supplied by the computing system.

There are four distinct parts to the TAG description
deck. The first is the topological description or
connection list which describes the circuit config-
uration to the TAG processor. The second is the non-
standard component description list which describes the
functional dependency of any element value which does
not remain constant throughout a given simulation run.

The third is the Fortran II specification statement list

which provides certain information to the Fortran solution

program necessitated by certain operations called for in
either the non-standard component description list or
the output and control sequence. The final section is
the output and control sequence which provides the user
with the results of a simulation run, conttols .the over-
all simulation process, and formally ends the TAG des-
cription deck.



The TAG data deck provides the solution program with
the actual numerical values of all circuit parameters,
initial conditions, and process control parameters
required for any particular simulation run. The highly
flexible format allowed for listing this information is

presented as the final portion of this section.

Topological Description

1. General Considerations

The first step required in the application of TAG
circuit analysis is the transformation of the ori-
ginal schematic of the given circuit to a TAG
equivalent circuit. This process creates a circuit
diagram from which the TAG input connection list
can be directly generated and which can easily be
compared with the original circuit schematic. Once
this equivaient schematic is prepared and checked
it becomes the official circuit description as far
as TAG performance simulation is concerned. The
three objectives to be accomplished during the
creation of the TAG equivalent circuit are outlined

below in their proper order of accomplishment.
a. Circuit Schematic Preparation

Since TAG accepts only circuits which are fully
connected, portions of circuitry which appear on
the schematic as physically isolated subcircuits
must either be analysed separately or connected
together physically before analysis. Flux
coupling from one transformer winding to another

does not properly serve as a physical connection.



For truly isolated circuits it is probably
best to treat them separately, However,
transformer coupled subcircuits which contain
no physical interconnections may be arbit-
rarily joined together by a common re ference
node without loss of reality as long as all
voltage calculations are made within a sub-

circuit.

To achieve satisfactory results at a reasonable
cost, circuits under analysis should always be
reduced to the lowest level of complexity con-
sistent with the proper simulation of the per-
formance characteristic under investigation.

As is true with any analytical device, TAG
operates most satisfactorily on easy problems.
Superfluous components and nodes should be

eliminated as early in the process as possible.

Modeling Non-Standard Components in Terms of
Standard TAG Elements.

Since TAG recognizes only six basic components -
voltage sources, capacitances, conductances,
reciprocal inductances, ideal transformer windings,
and current sources - the TAG equivalent circuit
may contain only these elements. This requires
that any component shown on the original sche-
matic that can not be identified as one of these
six must be modeled as some interconnected com-
bination of them in order for TAG to create a

proper simulation for the given circuit.



Translation of Circuit Element Identifiers to

TAG Nomenclature

The TAG processor receives the equivalent circuit
description as a connection list which describes
each network branch according to its basic TAG
element type and terminal connections. Creation
of the TAG branch descriptors, which are the
elements of the connection list, requires the
user to establish a numerical identification

for each branch interconnection point 6r node

within the TAG equivalent circuit.

In addition to terminal node identification,
descriptors for ideal transformer windings
require identification of the transformer on
which they are wound. To achieve this the user
should assign a unique number, independent of
the set of node numbers used, to each trans-

former appearing in the TAG equivalent circuit.

After establishing a node and transformer
identification system consistent with the rules
given in the next section, the user should
clearly label each branch element of the TAG
equivalent circuit with its proper TAG des-
criptor. Preparation of the coding sheets,
which is the first step in translating the
circuit information to a form acceptable to the
computer, will be greatly facilitated by this
procedure. The TAG descriptor language, while
easy to learn, is absolutely restrictive and
must therefore be learned well and used care-
fully.



2. Rules for Assigning Node and Transformer Identification

Numbers

a. Assignment of Node Identification Numbers

Every node or branch interconnection point which
appears in the TAG equivalent circuit must be
assigned an identification number. These num-
bers must start with zero and increase sequ -
entially to N-1 for an N node circuit. Because
the branch descriptor requires a two digit
decimal number to specify each node to which it
connects, it is helpful to observe this con-
straint when assigning numbers to the nodes of
the network diagram. Therefore, the numbers
should start with 00 and proceed 01, 02, - - -

(N-1). The largest node number provided for is
99,

b. Assignment of Transformer Identification Numbers

Every ideal transformer appearing in the TAG
equivalent circuit must be assigned a unique
identification number. Like node identifiers,
the transformer identification numbers should
always contain two digits to conform to the
requirements of the transformer winding des-
criptor. Unlike node identifiers, transformer
identification numbers should start with 01 and
increase sequentially to K for a circuit con-

taining K transformers.



The Significance of Node 00

The number 00 may be used to specify the circuit
reference or ground node. While some users
might find this to be a useful part of their

own personal TAG procedure, it does not repre-
sent a necessary constraint of the TAG system.
Even though the internal TAG processor uses node
00 as a common basis reference for some of the
temporary circuit matrices formed during the
equation generation process, the final set of
TAG simulation equations requires no externally
fixed reference point. All the required trans-
formations between the simulation equation vari-
ables and the output display variables will be
properly constructed regardless of the function
of the node labeled 00,

TAG Equivalent Circuit Modification

Because of the TAG imposed constraint that nodes
be numbered sequentially, the addition of nodes
to achieve extra refinement in the simulation or
the deletion of nodes to dimplify a given topo-
logy is generally accomplished at the expense

of relabeling a large number of branch elements.
By properly planning the numbering system so
that the largest numbers occur in the area of
the circuit which is most likely to change, the
number of branch elements requiring relabeling

can be kept to a minimum.

Because adding nodes will almost always be easier
than deleting them, it is probably best to start
with the simplest circuit configuzation which
will adequately simulate the desired circuit
property. Increases in complexity to achieve

3-6



higher degrees of solution refinement should
be added later. This approach will also tend
to produce meaningful data at the lowest cost.

The elimination of a low numbered node by the
simple act of "Shorting out" all the branches
between two nodes, may be achieved by adding a
voltage source element between the two nodes to
be merged and assigned it a value of zero.

This will automatically modify the simulation
equations to account for the absolute dependency
between the two node voltages and require no

changes in the original element descriptors.

3. Rules for Generating Branch Descriptors

Every element which appears as a branch in the TAG
equivalent circuit must be one of the six types
allowed by the TAG processor. At the topological
level TAG makes no destinction between descriptors
of standard elements whose characterizing parameter
is a constant and non-standard elements whose character-
izing parameters may Vary during a simulation run as
a function of either an independent or dependent
circuit variable. All elements required to describe
the particular circuit behavior under investigation
must appear as standard TAG elements in the TAG

equivalent circuit.

The rules for generating TAG element descriptors are
presented in detail in the next two subsections.
First, the order and function of each of the chara-

cters which make up a discriptor is presented.



Second, an example of each of the six basic element

descriptors is given and the properties of each

discussed in detail, It is hoped that the presentation

of these two redundant but complementary discussions

will fully clarify both the descriptor generating

process and the physical nature of the TAG elements

described.

The Structure of TAG Branch Descriptors

The first six characters of all branch descriptors
follow the same format. This format which is

detailed below specifies the element type, ac-
cording to Table no. 1, and its terminal node

numbers. The ideal transformer winding is the

only element requiring a more detailed descrip-
tion than can be specified in a six character
format. The transformer winding descriptor must
contain the information that relates it to all
other windings on the same transformer. In
addition, its characterizing parameter, the number
of turns per winding, which is used numerically
during the equation generation process, must be

specified. This is illustrated below.

Table no. 1 Element Type Designation

Voltage Source -V
Capacitance -C
Conductance -G
Reciprocal Inductance -L
Transformer Winding -N
Current Source ' -I



The first six characters of each branch

descriptor follow the format shown below.

Character Number

1 2 3 4 5 6

Element Negative Positive

AGeneral Descriptor Structure S Type Node no. Node no.
Example of Voltage Source S \ 0 1 0 24 ,
Character no. Function

1l

An S is placed in this space for

all descriptors and has absolutely

no meaning for the user.

This space always contains an alpha-
betic character which designates the
element type according to the rules
given in Table no. 1 above.

The third character always con-
tains the most significant digit

of the negative node number.

The fourth character always contains
the lease significant digit of the
negative node number,

The fifth character always contains
the most significant digit of the
positive node number.

The sixth character always contains
the least significant digit of the

positive node number.



The transformer winding descriptor follows the

format shown below which differs from other des-

criptors only after the sixth character.

Character Number 1] 2 3 4 5 617/ 8 9]10J11 12 13 14 15 16
Xformer si N Negative| Positive / Xformer _|Number of
Descriptor Structure Node no.| Node no. no., Turns/Winding

Example

Character no.

1 through 6

10

11

Function

Same as above for all other des-
criptors. The second character is
always an N, the general designation

for a transformer winding.

Character number seven is always a
slash (/).

The eighth character specifies the
most significant digit of the trans-

former identification number.

The ninth character specifies the
least significant digit of the trans-

former identification number.

The tenth character is always a
dash (-).

The eleventh character is the most
significant digit of the number of
turns per the winding being des-~
cribed.



Character no,

12

13,14,15,16

The twelfth character is the

second most significant digit of
the number of turns per the winding
being described.

The thirteenth through the sixteenth
positions are also available for
expressing the digits of the number
of turns per the winding being des-
cribed. The maximum number of turns
that can be specified for any single
winding is 131072. Since the turns
always appear in the equations as
ratios, the turns numbers for any
given transformer may be normalized
around any convenient basis. Only
the number of characters required

to express the number of turns is

used; the rest are ignored.

TAG Branch Element Description

Voltage Source:

Symbols

Descriptor

Characteristics ib

X - d + YY Fixed voltage source

XX -~/ \+ YY Variable voltage source
v

SVXXYY Node order related to
polarity

I
-~

Branch current equation
vb

[
<

Branch voltage con-

straint



Remarks

Capacitance:

Symbol

Descriptor

Characteristic

Remarks

The relationship between voltage
source polarity, for positive values
of source voltage, and the order of
the node identification numbers in
the voltage source descriptors are
shown above., TAG's application of
the branch voltage constraint re-
moves the branch current term from
all simulation equations. The branch

current, therefore, need not be known.

bi
X =, + YY Initial condition
H voltage shown
SCXXYY
dvb
ib = C e Branch current equation

Initial condition voltages are entered
with the parameter data list rather
than the connection list. The initial
conditional voltage descriptor is
identical to the voltage source des-
criptor. It must maintain the same node
order as the connection list descrip-
tor of the capacitance to which it
relates. Polarity is assigned by the
sign of the voltage value given the
initial conditions descriptor. For

the above example the parameter data
list must have an entry SVXXYY = (vpi)s
(where (v ] means the numerical value
ofv).
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are identical.

Conductance:
Symbol
Descriptor
Characteristic

Remarks

The branch current equation shows

that TAG defines capacitance in-
crementally rather than absolutely.
When C is constant the two definitions
However, when C

varies with the voltage across it,
care must be used in interpreting
results since at any given value of
voltage the cﬁarge on the capacitor
will not necessarily equal the pro-

duct of the capacitance and the

voltage.

XX MW Yy

SGXXYY

ib = Gvb Branch current equation

The branch current equation shows
that TAG defines conductance in the
absolute sense rather than incre-
mentally. When G is constant, the
absolute and incremental definitions
are identical. However, when G

varies as a function of the voltage
across it, care must be used in inter-
preting the results. G is equal to
the slope of a line drawn from the
origin of the i vs v curve to the
operating point and does not relate
directly to slope of this curve. For
this reason, non-linear conductance is
often best treated as a voltage de-

pendent current source where the

ib VS vy relationship may be used
directly.
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Reciprocal Inductance:

Symbol

Descriptor
Characteristic

Remarks

XX YY Initial condition
* L) —e

current is zero

SLXXYY

t
ib = pSO vbdt Branch current equation

TAG uses the symbol L to denote recip-
rocal inductance rather than normal
inductance. This is important to

remember.

All TAG inductors have zero initial
condition current. Initial condition
current must be modeled at the TAG
equivalent circuit level by an ideal
current source whose value is equal
to the initial current. This current
source is connected across the in-
ductor and given a direction identi-
cal to the true initial current. The
current source is treated as if it
were actually part of the original

circuit schematic.

The branch current equation shows

that TAG defines inductance absolutely
rather than incrementally. When L is
a constant the absolute and incre-

mental definitions are identical.

However, when L varies with the integral

of the voltage across it, care must be
used in interpreting the results. 1,
is equal to the slope of a line drawn
from the origin of the i vs @ curve

to the operating point and does not
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relate directlyvto the slope of
this curve. For this reason non-
linear inductance is often best
treated as a voltage integral de-
pendent current source where the
iy vs #p relationship may be used
directly.

Ideal Transformer Winding:

Symbol

Descriptors

RIMES I

Transformer number AA
TR

XX YY

SNXXYY/AA-T Relates this winding
to Xformer No.AA, as-
signs to it T turns,
and assigns the dotted
terminal of all wind-
ings on AA to the
second node position

of the descriptor.

n
Characteristic ZT{ ib‘,= 0, The sumation must include

Remarks

=1

all windings of AA

ng = K a constant for all windings
T of AA

Each winding requires its own des-
criptor. The dotted terminal of each
winding of a given transformer must
occupy the same node number position
of all winding descriptors related

to that transformer.

The transformers must be numbered
sequentially starting with number

one.
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The turns per winding must be ex-

pressed in integer form as the actual

number of turns or as some con-

veniently normalized number of turns.

Its most significant digit is placed

in the space immediately following

the dash. The range of integers
allowed is 1 to 131072,

The characteristic transformer

equations are applied by TAG to the

circuit simulation equations as a

secondary set of voltage and current

constraints. This reduces the number

of equations to be solved by eliminat-

ing all dependencies among the

equation variables which result from

the transformer constraints. The

process is very similar to that of

reflecting the impedences and sources

seen by 2ll windings into a single

winding to consolidate the effects of

all windings into a single equation.

Current Sources:

Symbol

Descriptor

XX op—
X

SIXXYY

Fixed current source
Variable current

source

Node order related to
current flow



Characteristic ib =1 Branch current equation

vb = ? Branch voltage is in-
determinant
Remarks The relationship between current

‘'source direction, for positive values
of source current, and the order of
node identification numbers in the
current source descriptor are shown

above.

The current source is an extremely
useful element for modeling non-
standard components. This will be
demonstrated further in the section
covering non-standard elements.
However, inductor initial conditions

current is an example already discussed.

Connection List Format and Punctuation

The topological description of the circuit is entered
into the TAG computational system as a connection list.
The connection list contains an element descriptor for
every branch in the TAG equivalent circuit plus certain
punctuation described below. Since the computer accepts
only punched cards as input, the user must prepare the

connection list in such a way that it can easily be

" transferred to a set of punched cards by a key punch

operator, IBM Fortran Coding Form (Form No. X28-73274)
provides a convenient preset format for this operation.
The example in the next section provides a picture of

this form and a demonstration of its proper useage.



A standard IBM card contains 80 spaces, 72 of which
are shown on the coding sheet. While connection list
entries may be placed anywhere on the actual card, it
is probably best to contain them within the 72 spaces
provided on the coding sheet. The descriptor entries
must be separated by a single comma but may be spaced
at any distance desired, since blank positions on the
card are ignored. The list of descriptors follows
from card to card until all elements are properly
included. As many cards as necessary may be used.
The final entry must be followed by an asterisk to
signal the end of the connection list. The separating
comma and final asterisk are the only punctuation re-

quired or allowed within the connection list,

It must be emphasized here that only the descriptor
entries, the separating commas, and final asterisk of
the connection list are allowed within the topological

description portion of the TAG description deck. The

connection list does not even remotely relate to Fortran

coding and can be placed upon any standard IBM card
coding form. The Fortran coding form is suggested
however, since it fits in well with the requirements
of the rest of the TAG description deck.

The connection list should be ordered so that the
elements having the largest numerical value come first.
In many cases this will insure the optimization of the
simulation equations in terms of accuracy of solution.
However, this constraint may sometimes prove incon-
venient because the component values to be tried may

change magnitude from analysis to analysis or may
simply not be known at the time that the connection



SV0001

list is created. If the coding sheets are prepared
with only one descriptor per line, the cards punched
from these sheets will have no more than one entry
each. The order may then be changed at will by a
simple rearraﬁgement of the cards. This added flexi-
bility can also be seen to help accomodate simple

changes in the circuit topology at a minimum effort.

Example Connection List Formulation

a. Initial Circuit Schematic
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c. Example Connection List Coding Sheet
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C. Non-Standard Component Description

1.

General Discussion

The TAG equation generator treats alllcomponents
described in the connection list as standard TAG ele-
ments. A standard TAG element is defined by the fact
that it belongs to the list of six basic two terminal
elements recognized by the TAG processor and has a
characterizing parameter which does not change value
during any given simulation run. By so restricting
the range of allowed component types treated by the
equation generator, the simulation equations are
simplified to a single standard formulation which is

applicable to all types of circuits.

Treatment of components which can not be characterized
as standard TAG elements must be accomplished by pro-
per equivalent circuit modeling before the connection
list is drawn up or by special treatment given to
portions of the equations during the solution process.
Equivalent circuit modeling handles devices whose
structure is too complex to be adequately characterized
by a single standard element. Special equation modi-
fication and solution techniques handle devices whose
elementary parameters vary during simulation as a
function of time or as a function of some circuit
dependent variable. Real components are always non-
standard to some extent since they all display some
parasitic effects and non-linear behavior due to

their finite size and imperfect internal mechanisms.
TAG allows the user to model real devices to any degree

of refinement required.



Multiple Element Devices

TAG provides a mathematical analog for six standard
electrical elements capable of simulating the be-

havior of any lumped, linear, bilateral, finite net-
work. It is therefore possible to model any electrical
device no matter how complex as a subnetwork of standard
TAG elements as long as its behavior adequately con-
forms to the laws governing such networks. The whole
class of linear filter networks may be modeled to any
degree of refinement desired by this very simple tech-

nique,

As discussed in the next several sections, TAG further
provides a method of introducing non-linearities into
the behavior of the standard elements as well as uni-
lateral coupling between them. This allows one to

model a much broader class of components including

most active devices such as transistors, vacuum tubes,
and magnetic amplifiers. The only constraints of this
class are that the devices be representable by lumped,

finite networks.

Equivalent circuit modeling of multiple-element devices
must be accomplished while the TAG equivalent circuit
is being constructed. Every element of a device sub-
network must appear in the TAG equivalent circuit to

be processed by the equation generator. An equivalent
circuit model for a real transformer is demonstrated

below,



Transformer:

Schematic Representation:

a e e D
Primary Secondary
a'®* * b'

Manufacturer's Specification:

Parameter Value
Primary Inductance Laa'
Turns Ratio N
Leakage Inductance LLaa'
Primary Capacitance Caa'
Primary to Secondary Cab

Capacitance

Primary A.C.Resistance Raa'

Conditions of Measurement

measured at primary with secondary

open

measured at primary with secondary
shorted

measured at primary with secondary
shorted

measured with both windings shorted

measured at primary with secondary
shorted



TAG Equivalent Network
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The equivalent circuit shown is obviously built

around the specification provided and only approxi-
mately models the actual device. However, if the

only information available is that given in the speci-
fication, there is no point in trying to further com-
plicate the model. The parameters of any more compli-
cated a model would be impossible to evaluate from the
given specifications. 1In fact, if the effect of any
of the parasitic elements (Laa', Cab, Raa, LLaa') is
of negligible significance, that element should be

left out of the equivalent circuit.

Common Properties of Parameter Description Statements

a. General Characteristics

The characteristic parameter of any standard TAG
element except the ideal transformer winding can
be made to vary during a simulation run as a

function of either the independent variable, time,



or certain dependent circuit variables. This is
accomplished by means of a set of parameter des-
cription statements which are placed immediately
following the connection list. These statements
use the Fortran II computer language to describe
function relationships between element parameters
and circuit variables. These relationships are
used to modify effected portions of the simula-
tion equations between basic computational steps.
The equations are updated to keep them in step
with changes in both the time variable and the
circuit state variables.

In order to use this feature effectively, it is
absolutely essential that the user understand

the Fortran II programming language. It should
be streassed that the TAG description deck does
not follow the rules for creating normal Fortran
programs, However, it does borrow heavily from
both the syntax and word structure of Fortran II.
Several independent authors have written short
text books covering Fortran programming; however,
there are two documents available from the Inter-
national Business Machine Corp. (IBM), which
should sufficiently cover the subject for the
average engineer. The first, "General Information
Manual - FORTRAN", form No. F28-8074-1, is recom-
mended as a first reader on Fortran programming.
The second, "IBM Systems Reference Library - IBM-
7090/7094 Programming Systems - FORTRAN II Pro-
gramming”, form No. C28-6054-5, is recommended as
a reference manual for engineers who have already

had some exposure to computer operations and



Fortran programming. For the remainder of this
section, it will be assumed that the reader has
some familiarity with the rules for structuring
Fortran variable names, arithmetic statements,
functions, and subroutines. However, some com-
mentary and many examples will be provided so
that a relative novice can perform some level
of meaningful analysis by merely following the
examples given.

An abbreviated List of Basic Fortran Rules

A few of the basic rules of Fortran will be listed
here to provide a basic reference and eliminate
the necessity of repeating them later in the text.
Either of the two manuals referenced above should

provide adequate further clarification.

1) Each column on a Fortran coding sheet corres-
ponds to a character position on an IBM punched
card,

2) The first five columns are used to number
Fortran statements for cross referencing pur-
poses. Only statements which are referred to
by other statements in the program need be
numbered. The numbers can normally range from
1 to 32,768, however the TAG generated solution
program uses some numbers greater than 5999,

3) Column six is reserved for continuation. The
. cards of a multiple card statement must be
numbered sequentially from O to 9 in column 6.
No greater than 10 cards are allowed for a
single statement.
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4) Columns seven through seventy-two are used
to express the statement itself, Blanks may
be used freely in order to improve the read-

ability of the statement and are ignored by
Fortran.

5) Columns seventy-three through eighty are not
used by Fortran and may therefore be punched
with anything. Coelumn seventy-three is used
by TAG as will be explained in section F.

6) Variable names may be of no greater length
than six characters and must start with an
alphabetic character.

7) Variable names beginning with the letters I,
J, K, L, M or N are called fixed point varia-
bles and may have integer values only.

8) All other variables are floating point vari-
ables and may have values whose magnitudes
lie between 1038 and 10-38,

9) Any single variable name may refer to a list
of values. Any single member of the list is
referred to by subscripting the list name
with the numerical position of the desired
value within the list., Thus V(10) refers to
the tenth value in the list V.

10) The arithmetic operations allowed by Fortran
are listed below with their symbolic operators.
The list is given in the order in which the
operations are pgrformed within a given ex-

pression,
**Exponentiation

* and / Multiplication and Division

+ and - Addition and Subtraction
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11)

12)

Floating point and fixed point variables may
not be used within the same arithmetic ex-
pression (Exponentiation is an exception).

Parentheses should be used to clarify the
order of operations within an arithmetic ex-
pression. The operations will be executed
starting with the inner most parentheses and
working toward the outermost. Parentheses

must always occur in pairs.

c. Useage of Fortran Statements

1)

Discussion and Use of Simple Arithmetic
Statements

Example: SVO000l1 = RATE*FT

The two types of Fortran statements used to
describe component parameter dependencies are
the arithmetic statement and the CALL (Sub-
rountine) statement. The arithmetic statement
is used to describe relatively simple para-
meter dependencies which can be expressed as
single self-contained mathematical expressions.
The only variable that may appear to the left
of the equal sign in such an expression is

the name of the characterizing parameter of

a specific TAG element which appears in the
connection list, This allows TAG to properly
classify the statement as a parameter descrip-
tion statement. To the right of the equal
sign may appear any desired arithmetic ex-
pression made up of propefly constructed



Fortran variables and functions correctly

connected by allowed Fortran operations

symbols.

Each arithmetic statement must be self-con-
tained in the sense that it requires no other
parameter description statements to supply it
with precalculated parameter or variable
values. Complicated expressions requiring up
to ten lines of Fortran coding may be accom-
modated by using the statement continuation
feature of Fortran.

Arithmetic expressions are restricted to des-
cribing the dependency of a single parameter
and must therefore be restated in full for
every element parameter which behaves in a
similar manner. For simple or seldom used
expressions, this is no great handicap. How-
ever, there are many cases where a single set
of complex arithmetic expressions may be used
not only many times in the same circuit des-
cription, but for many different circuits.

An example of this might be the mathematical
model of a transistor. In this case, it would
be extremely useful to be able to create a set
of expressions which are independent of any
specific circuit and can be incorporated into
the TAG system in such a way as to be available
. to the user whenever desired. The Fortran sub-
routine and function capability provide an
ideal framework for handling such situations.
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2)

Description and Use of Fortran Functions
Example: SI0001 = AMPS* (l,-EXPF(-FT/TAU))

For a difinitive discussion of the properties
and proper utilization of the subroutine and
function capabilities of Fortran, the reader
is again referred to the various available
Fortran manuals and texts. However, a few
remarks will be made here covering the usage

of these two devices within the TAG system,

The Fortran function provides a means of in-
corporating a complicated single valued mathe-
matical expression into an arithmetic statement
as a single symbolic name. The function name
as it appears in an arithmetic statement is
used to mean the value of the function. The
argﬁments of the function which appear in
parentheses following the function name are

the independent variables and parameters re-
quired to calculate the value of the function.
The values of the arguments must be either
pre-calculated or supplied to the program as
input data. A function is not a self-sufficient
arithmetic statement but usually occurs as

part of the right hand side of a Fortran
arithmetic statement.

Using the rules outlined in the Fortran
manual, the user may construct any function he.
desires. However, as a convenience, many
often required mathematical functions are

already built into the Fortran system and
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3)

can be called on by simply referring to
them by name and supplying them with proper
argument names and values. An abbreviated
list of these functions is provided below.
A complete list of system functions and
their useage can be obtained from the
Computer Systems Group.

Function Type Definition Fortran Name

Absolute Value x| ABSF (X)
Exponential X EXPF (X)
Natural Logarithum log e¥ L@GF (X)
Trigonometric Sine Sin(X) SINF (X)
Trigonometric Cosine Cos (X) C@SF (X)
Square Root VF3E_ ’ SQRTF (X)

Abbreviated Table of System Provided Functions

Description and Use of Fortran Subroutines

Example: CALL DI@DE (SV0609, $SI0906,$SC0609,
DATA)

The Fortran subroutine provides a second more
powerful means for expressing functional re-
lationships between variables which are inde-
pendent of any specific program. Fortran sub-
routines are called into use by means of a
CALL statement which specifies the name of the
subroutine under which the operations performed
by the subroutine are defined. 1In addition,
the CALL statement contains a list of arguments
which defines all dependent, independent, and
parametric variables required to perform the

prescribed operations and define the results.
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Unlike the Fortran function, a subroutine
CALL statement stands alone as a parameter
description statement, and may calculate the
values of as many dependent variables as
named in the argument list.

A single subroutine may be used to describe
the whole set of model parameter interde-
pendencies which occur in complex devices.
Such a subroutine which is independent of any
specific device may be called upon to des-
cribe all devices of the same general type.
The TAG parameter description list will con-
tain a single subroutine CALL statement for
each such device appearing in the TAG equi-
valent circuit. The subroutine itself, which
defines the relationships between the device
variables, is not included in the TAG descrip-
tion deck but must be placed in the TAG system
deck between the description and binary
execution decks. 1In this way it automatically

becomes a part of the system.

At least one of the arguments of a subroutine
call statement must be the name of the char-
acterizing parameter of a specific branch
element which appears in the connection list.
In addition, this parameter must be a dependent
variable of the subroutine and, therefore,

must be calculated by it. In order for TAG

to recognize subroutine CALL statements as
dependent parameter statements, at least one

of the dependent variable names appearing in



the arguement list must be prefixed by a
dollar sign ($) character. To guarantee
proper statement classification by TAG, it
is recommended that all dependent parameter
variables which appear in the argument list
of a subroutine CALL statement be prefixed
by a dollar sign ($). For example the de-
pendent variable SI0103 should be listed
$S10103 when it appears in a CALL statement.

As in the case of the Fortran function the
user may prepare subroutines which suit his
own special needs, or, when applicable, he
may use subroutines previously added to the
system, These system subroutines will not
be listed at this point in the discussion
since their useages are not very general.
However, some of them will be presented

later when examples of their application arise.

d. Naming Variables for Parameter Description

Statements

1)

Dependent Variables
Example: SV0102, sI0304, sG0914

The most important class of dependent vari-
ables appearing in parameter description state-
ments are the element parameters whose values
are calculated by the statements. In fact,

in arithmetic statements this is the only type
of dependent variable allowed. Each of the
element parameters appearing in a parameter
description statement must belong to a single
specific branch element of the connection list.
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2)

TAG takes advantage of this fact by allowing
the descriptor used to identify a particular
element in the connection list to be used
again to identify the characterizing para-
meter of that element in the parameter des-
cription list. This reduces considerably the
number of different variable names that the
user must manufacture and keep track of.

The only modification to this rule occurs
when the parameter descriptor appears as an
argument of a subroutine CALL statement.

In that case, it is prefixed by a dollar sign ($)

character.
Function Parameters and Relative Constants
Example: AN, AI, TI, CIDl

Function parameters and relative constants must
be assigned names which follow the rules of
Fortran II language. In general, this means
that such names will begin with an alphabetic
character and be no more than six characters
in length. The Fortran distinction between
the useage of names beginning with the letters
I, J, K, L, M, & N and all others must be
strictly adhered to. In addition to these
Fortran restrictions it is recommended that
names beginning with the letters S, F, & L

not be used within the TAG description deck

as they might possibly coincide with names
already used by the TAG system.



3)

4)

Independent Variables

Example: FT

Simulated time
SV0104 = Voltage at node 04 relative
to that at node 01

$S0104 Integral of Voltage SV0104

The three variables named and defined in the
above examples are the only types of indepen-
dent variable allowed within the parameter
description list. Except for appropriate
changes in node numbering, these three vari-
ables must appear with their applicable para-
meter description statements exactly as shown.
The use of these three variables will be dis-
cussed and demonstrated in detail in the next

section.

Note that the symbol used to designate node
pair voltage integral follows the standard
format established for TAG element descriptors.
Its distinguishing feature is the S appearing
in its second character position. The polarity
rule for this descriptor is the same as that
for the node pair voltage whose integral it

represents.
TAG Control Variables

Example: LALGFT 1 on first pass through

computations

= 2 on all other passes

LICNT .

-1 on all normal passes
through the solution program
= N, a dependent stop function

identification number, when-

ever a dependent stop function
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The control parameter LALGFT is provided by
the TAG system to allow initializing of para-
meter description subroutines. Its value is
set to 1 by TAG during the first pass through
the simulation calculations. Thereafter, it
is set to 2, When used in a subroutine it
must appear in the appropriate position in

the argument list of the call statement.

The control parameter LLCNT is provided by

TAG to flag the occurance of a dependent
variable stop. Each stop function variable is
assigned an identification number N. At the
exact point at which the stop function is
satisfied (i.e.,the stop function variable
equals zero) LLCNT is set equal to N for one
evaluation of all dependant stop functions.

At all other times LLCNT equals -1.

Other control variables provided by TAG are
generally of no great value to the user and
will not be covered here, In general these
other variables are of significance only
within the inner computational sequence of

the TAG generated solution program,

4, Time Dependent, Parameter Description Statements

a. General Characteristics

Any parameter description statements whose inde-
pendent variable is time is classified as a time

dependent statement. Such statements may be
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created to describe the behavior of the characterizing
parameter of any of the standard TAG elements
which appear in the connection list except ideal

transformer windings.

Time varying, parameter description statements

are obviously applicable to transient analysis
only. Their basic effect is to transform a cir-
cuit which the equation generator assumes is a
linear time invarient network into one in which
element values change as time changes. The effect
of this transformation is to force some of the co-
efficients and forcing functions of the simulation
equations to vary in value as functions of simu-
lated time. Time dependencies have no effect upon
the linearity of the circuit or the simulation

equations which characterize that circuit,

Time dependent statements are most often used in
the description of voltage and current sources
which appear in circuits as driving sources. The
flexibility provided by TAG in the formulation of
driving source functions is limited only by the
ability of Fortran II to describe such functions.
Both continuous and discontinuous time functions
can be accommodated by TAG but require somewhat
different treatment.

Continuous Time Functions

Examples: SvV0103 VPEAK*SINF (6.28*FREQ*FT)

n

SI0006

AFINAL* (1, - EXPF[-FT/TAU])
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Characterizing parameters whose values change as
a continuous function of time may be described by
the simplest arithmetic statement or subroutine
that will produce the desired functional relat-
ionship. Two such statements are shown above as

typical examples.

The first describes a sine wave voltage source
whose peak value is equal to the value of VPEAK
and whose frequency is equal to the value of FREQ.
When the value of the right hand side of the
equation is positive the voltage at node 03 is
positive with respect to the voltage at node Ol.
This convention is entirely consistent with the
rules for forming element descriptors. The num-
erical values of VPEAK and FREQ are entered as
part of the input data list. This waveform is

pictured below.

V0103
A
+VPEAK
(@) —-
FT
1/FREQ
- VPEAK

The éecond example describes a current source
element whose current is exponentially rising to
a final value equal to AFINAL at a time constant
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whose value is equal to TAU. When the value of
the right hand side of the equation is positive
the current will flow within the source element
from node 00 to node 06. The values of AFINAL
and TAU are entered as part of the input data

list., This wave form is illustrated below,

SI0006
!
AFINAL

TAU FT

Discontinuous Functions of Time

1) Discontinuities at Time FT = O

Examples: SV0003 = VIN

Normal power supply turn on transient

At the beginning of transient solution runs

TAG does not automatically initialize capacitor
voltage or inductor currents to a set of values
which are consistent with the D.C. steady state
implied by the initial values of voltage and

current sources. The initial state from which
the transient solution will proceed must always

be precomputed by the user and entered into



the data list as initial capacitor voltage

and inductor current values. Careful "hand"
techniques or the D.C. steady state analysis
capability of TAG may be used to compute the

required values.

Any circuit state variable which is not speci-
fically initialized by the user will. be given
an initial value of zero. Where no initial
conditions are specified, the circuit will
start out in the ground state, defined as the
zero energy state. Transient analyses which
proceed from the ground statevproduce a simu-
lation of the idealized power supply turn on
transient in which all voltage and current
sources rise to their initial values in zero

time.

This method of producing power supply turn on
transient analysis can be generalized to pro-
duce any desired type of step function analy-
sis. By properly initializing the circuit
state variables to one set of energy scurce
conditions, the step function response to any
energy source can be produced by simply enter-
ing a value for that source in the data list
which is different from the value for which

the given initial conditions are valid.

This can also be accomplished less directly by
creating a parameter description statement like
that shown in the first example above. In the
data list, VIN is assigned the desired initial



starting value and SV0003 is assigned the
value which is consistent with the initial

circuit state.

Some caution must be exercised in applying
voltage and current source steps to arbit-
rary networks. The concept that the energy
state of a storage element cannot change in
zero time applies only to real circuit com-
ponents in which there are always parasitics
present which maintain a finite bound on
values of current and voltage. In certain
topological configurations the idealized TAG
capacitor or inductor may be required to change
energy states instantaneously by the applica-
tion of a step of voltage or current to the
circuit. TAG is not set up to handle such
situations and will generally produce wrong
answers when they occur. For this reason cir-
cuit topologies which produce such conditions
must be avoided. The two general cases in

which they occur will be discussed below.
The Voltage Driven Capacitor Loop:

The voltage driven capacitor loop occurs in a
network whenever it is possible to trace a
closed path of branch elements in which every
element in the path is either a voltage source
or a capacitor. This is illustrated sche-
matically below where the elements Vin’ C

Cps Cp» and V

gJ
B+ form such a loop.
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It is obvious that if Vin applies a step of
input voltage to this circuit the charges in the
capacitors must change in zero time creating
a loop current of infinite amplitude. TAG
will assume that the whole voltage step ap-
pears across only one of the capacitors
(usﬁally the smallest). This problem must be
circumvented either by removing the smallest
non-essential capacitor from the loop or by
inserting a series resistor or inductor into
the loop of the largest value that will not

adversely distort the simulation.
The Current Driven, Inductor Cut-Set:

The current driven, inductor cut-set occurs
whenever it is not possible to find at least
one path in a network that connects the two
nodes in which none of the branch elements
‘are either current sources or inductors. This
is illustrated schematically below where the
elements Iin’ IA+’ LT1 and LT2 form a cut-set

of nothing but current sources and inductors.
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It is obvious that if Iin applies a step of
input current to this circuit the flux stored
in inductors LTl and LT2 must change in zero
time creating an infinite voltage across the
cut-set. The node voltage at the top of the
current source, Iin’ can not be calculated at
the time of the current discontinuity. If this
voltage is necessary it can be made available
only by shunting one of the current sources

by either a resistor or capacitor.



Discontinuities at times other than FT=0
Example:

S10203 = ASTEP*UTF(TS)

SV0102 = VPEAK*(1l.-UTF(T1l))

SG0901 = GMAX* (-UTF (TA)+UTF (TB)

SV0010 = FT*VP/ (TR+TD)* (-UTF (TD)+UTF (TR))+VP*

1 (-UTF (TR) =UTF (TP) ) ~FT*VP/ (TF~-TP) * (-UTF (TP ) +UTF (TF) )

At simulated time, FT, other than zero, time
function distontinuities must be specified by
means of the special switching function, UTF, pro-
vided as part of the TAG system. The UTF function
provides the solution program control operations
required to accommodate abrupt changes in the wvalues
of simulation equation coefficients and forcing
functions. In addition, UTF(T) is itself avail-
able as a function whose value changes from one

to zero at the exact time that FT becomes equal

to T. Finally, whenever a UTF function changes
state, the output and control sequence (described
in section F) is executed (once with the value of
UTF = 1 and again with the value of UTF=0).

The UTF function is defined as follows:

UTF (X) 1 for FT <X

0 for FT3X

The following waveforms refer to the examples

shown above.
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Example 4

Sv0010

!

VP

From the above display of examples, the ability
of the UTF frunction to provide arbitrary dis-
continuous time functions is well demonstrated.
However, -the function segments between UTF dis-
continuities need not be linear or constant as
shown. The UTF function may be treated like any
other general Fortran function appearing in the

parameter description statements.



5. Circuit Dependent, Parameter Description Statements

a.

General Characteristics

Any parameter description statement expressed as

a function of a circuit dependent variable is
classified as a circuit dependent statement. The
range of independent variables allowed for such
statements is restricted by TAG to node pair vol-
tage and node pair voltage integral. Circuit de-
pendent statements may be created to describe the
behavior of any of the standard TAG elements except

voltage sources and ideal transformer windings.

The circuit dependent statement creates within
TAG the ability to cope with non-linear element
behavior and non-bilateral interbranch coupling.
Since these two properties represent general at-
tributes of many active components, modeling of
most complex active devices is made possible by
this capability. This obviously greatly enhances
the overall usefulness of TAG.

Circuit dependent, parameter description statements
are applicable to both D.C. steady state and trah—
sient analysis. Their usual effect is to trans-
form the standard simulation equations generated

by TAG into non-linear, non-constant-coefficient
equations., 1In the transient case this only slightly
complicates the solution process over that required
for time varying circuits. However, circuits which
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require the use of circuit dependent statements
will often create more complicated equations

than those without and may, therefore, take
longer to solve. Impedences which greatly effect
local time constant behavior may be masked in
such circuits by the particular method used to
describe element dependencies. Local time
constant behavior may greatly effect the number
of computational steps required to perform a
transient simulation and, therefore, greatly

effect the solution time.

In the DC steady state case the solution process
is greatly complicated by the introduction of

" circuit dependent statements. The sets of non-
linear algebraic equations thus generated are

in general difficult to solve because there

is no explicit form in which to express their
solution in terms of equation coefficients and
forcing functions. The process used by TAG to
generate solutions to such equations is called
the Newton-Raphson method. It uses an iterative
algorithm for continually improving the cor-
rectness of some initial solution estimate.

The initial estimate is provided either by

the program of the user and must be within a
certain distance of the actual solution in

order to insure process convergence. Such
initial solution estimates are at present dif-
ficult to enter into TAG without extra program-

ming at the solution program level.



TAG automatically assumes the ground state to
be the initial state for all D.C. steady state
simulation runs. It will therefore generally
achieve convergent solutions when all energy
source values are sufficiently close to zero.
By stepping the values of all energy source
elements from zero to their final values in
sufficiently small increments, it is usually
possible to achieve D.C. steady state solutions
to any arbitrary distribution of energy source
values without resorting to extra coding at

the solution program level.

Circuit dependent statements are most often

used for modeling non-standard eletronics
components. The flexibility provided by TAG

for formulating complicated functional depen-
dencies is limited only by the ability of Fortran
II to describe such functions. For D.C.

steady state problems a circuit parameter
dependency must be expressed in terms of its
independent variables as a continuous function
having a reasonably well behaved derivative

defined over its entire range.

For transient problems circuit parameter depen-
dencies must be either smoothly continuous or
piecewise continuous over their entire range

of use. Smoothly continuous functions are the
most easily handled and do not vary in form
from the functions required by the D.C. steady
state process.



Piecewise continuous functions are only allowed
when restricted to a finite number of pieces over
their range of use. Every boundry between two
adjacent pieces of such a function must be flagged
by the use of a dependent stop function defined

at that boundry. The dependent stop function pro-
vides the solution program control required to
handle abrupt changes in the values of the co-
efficients and dependent driving sources of the
simulation equations. Such a stop function is in
no way similar to a normal Fortran function. Its
formulation is dependent entirely upon the sub-
routine F mark which is used in the solution pro-

gram to solve transient simulation equations.

Smoothly Continuous Circuit Dependent Functions

Examples: SI0201 = AN*SV0401*SG0401

S10100
S10201

IS* (EXPF(SV0001/v0O)-1.)
AN*IS* (EXPF (Sv0001/vo)-1.)

CALL TRAN3(SV0001,SV0201,$S10100,$SI10102,
$sC0001, $SC0201,DATAT,CIE,CIC,LALGFT,
KTDC) ‘

Element parameters whose values change as smoothly
continuous functions of node pair voltage or node
pair voltage integral may be described by the sim-
plest arithmetic statements or subroutines that will
produce the desired functional relationships. As
these statements increase in complexity due to sophi-
stication or generalization of a device model, a

point is reached at which it becomes more efficient
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to describe the device by a general subroutine

which can model all devices of the given class.

The process of increasing model sophistication is
demonstrated in the above example of three different
transistor models.

The first example demonstrates the circuit de-
pendent statement required to describe the simple
transistor model shown below. Here the current
generator, SI0201, represents a collector junction
collecting current at a rate of AN times the cur-
rent in the linearized emitter junction,SV0004 and
SG0401. The dynamic model shown can be reduced to
a static model by eliminating the junction capa-
citors. The voltage source in series with the
emitter conductance represents the emitter junction
intercept voltage. The model shown is for an NPN
transistor; however, by redefining polarities it

could easily be converted into a PNP,

1

J
‘7

Transistor Schematic Symbol
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Simple Linear Transistor Equivalent Circuit

The second example statement is immediately re-
cognized as the classical non-linear diode model
in which IS represents the diode saturation cur-
rent and VO the equivalent thermal potential KT/Q.
However, within the contex of the present develop-
ment, this statement will be used to describe the
emitter junction of the simplified Ebers and Moll
transistor model shown below. The combination of
the second and third statements are sufficient to
model the D.C. emitter and collector behavior for
this device. The model gives reasonably accurate
results in the forward active region for a large

class of devices for which the inverted common



base current gain AI is very small (less than .l).
The junction capacitances shown in the model are
assumed to be linear over the range of operations.
The non-linear junction capacitance relationships
could be added; however, they are complicated
enough to warrant the creation of a general sub-

routine for the entire transistor model.

S10100
A

Svo001

Classical Exponential Diode Curve

Simplified Ebers and Moll Transistor Equivalent Circuit
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The generalized Ebers and Moll transistor model

is complicated and useful enough to be coded into

a subroutine which is independent of any specific
transistor or circuit topology. TRAN3 is the name
of just such a subroutine. The Fortran coding for
this subroutine is reproduced immediately following
the equivalent circuit illustration. The comment
statements which appear as a part of this coding
provide an adequate description of the subroutine
arguments and model computations. This subroutine,
when key punched onto IBM cards, forms a card deck
which is placed between the TAG description deck
and TAG binary execution deck during simulation
runs. The Fortran system will compile and punch
onto cards a binary version of the subroutine
which may be added to the TAG system as a part

of the binary execution deck.

Once the TRAN3 subroutine is a part of the TAG
system, it may be called into use in the parameter
description list by a CALL statement of the type
shown in the fourth example. One CALL statement
is required for each transistor model appearing in
the TAG equivalent circuit. The parameter values
of particular circuit elements required in the CALL
statement argument list are named using the same
descriptor vocabulary developed for the connection
list. All other arguments must either be model
parameters which are entered as constants in the
input list or TAG control variables.
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Generalized Ebers and Moll Transistor Equivalent Circuit

Ebers and Moll Transistor Model Subroutine:

Subroutine TRAN3(V1,V2,FIl,FI2,CCE,CCC,DATA,FIl1I,FI2I,

LALGFT ,KTDC)

Ebers and Moll Non-Linear Transistor Model

SUBROUTINE TRAN3 (V1,V2,FIl,FI2,CCE,CCC,DATA,FI1I,FI2I,LALGFT, KTDC1
EBERS AND MOLL NON-LINEAR TRANSISTOR MODEL

ARG(1l) = V1
ARG(2) = V2
ARG(3) = FIl
ARG(4) = FI2
ARG(5) = CCE
ARG(6) = ccCcC
ARG(7) = DATA
ARG(8) = FIlI

ARG(9) = FI2I
ARG(10)= LALGFT
ARG(1ll)= KTDC

BULK RESISTANCES

EMITTER DIODE VOLTAGE (PLUS FOR P POSITIVE)
COLLECTOR DIODE VOLTAGE (PLUS FOR P POSITIVE)
EMITTER BRANCH CURRENT (PLUS FOR FLOW P TO N)
COLLECTOR BRANCH CURRENT (PLUS FOR FLOW P TO N)
TOTAL EMITTER SHUNT CAPACITANCE

TOTAL COLLECTOR SHUNT CAPACITANCE

TRANSISTOR PARAMETER ARRAY

INITIAL VALUE OF EMITTER CURRENT

INITIAL VALUE OF COLLECTOR CURRENT

FLAG = 1 ON FIRST PASS THROUGH SUBROUTINE

FLAG SET TO 1 FOR DC CASE , TO O FOR TRANSIENT

MUST BE INCLUDED IN EXTERNAL CIRCUIT IF DESIRED
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15

DATA(l) = ISE DATA(2) = IsC DIODE SATURATION CURRENT
DATA(3) = GLE DATA(4) = GLC DIODE LEAKAGE CONDUCTANCE
DATA(5) = AN DATA(6) = AI COMMON BASE CURRENT GAIN
DATA(7) = TN DATA(8) = TI RECOVERY TIME CONSTANT
DATA(9) = VKE DATA(10)= VKC DIODE CONTACT POTENTIAL
DATA(1l)= NE DATA(12)= NC DIODE GRADING CONSTANT
DATA(13)= KE DATA(14)= KC DIODE CAPACITANCE CONSTANT
DATA(15)= CES DATA(16)= CCS DIODE STRAY CAPACITANCE
DATA(17)= VO THERMAL POTENTIAL KT/Q

DIMENSION DATA(17)
IF(KTCD-1) 10,1,1
IF(LALGFT-1) 5,5,10
INITALIZE DIODE CURRENTS

FI1 = FI1I
FI2 = FI21
GO TO 15

EMITTER AND COLLECTOR CURRENT CALCULATIONS
FIE= ISE*(EXPF(V1/VO)-1)/(1-AN*AT)

FIC= ISC*(EXPF(V2/V0O)-1)/(1-AN*AT)

FIl= FIE - AI*FIC + V1*GLE

FI2= FIC - AN*FIE + V2*GLC

AN = DATA(S5)
AI = DATA(6)
D = 1.-AN*AI

SIE= DATA(l)/D

SIC= DATA(2)/D

FIE= SIE*(EXPF(V1/DATA(17))-1.)

FIC= SIC*(EXPF(V2/DATA(17))-1.)

FIl= FIE-AI*FIC + V1*DATA(3)

FI2= FIC-AN*FIE + V2*DATA(4)

IF(KTDC-1) 11,15,15

EMITTER AND COLLECTOR SHUNT CAPACITANCE CALCULATIONS

CJE= KE/(VKE-V1)**NE EMITTER JUNCTION DEPLETION CAPACITANCE
CJC= KC/(VKC=-V2)**NC COLLECTOR JUNCTION DEPLETION CAPACITANCE
CDE= (FIE+SIE)*TN/VO EMITTER DIFFUSION CAPACITANCE

CDC= (FIC+SIC)*TI/VO COLLECTOR DIFFUSION CAPACITANCE

DE = DATA(9) -Vl

CC = DATA(10)-V2

CJE= DATA(13)/DE**DATA(11)

CJC= DATA(14)/DC**DATA(12)

CDE= (FIE+SIE)*DATA(7)/DATA(17)
CDC= (FIC+SIC)*DATA(8)/DATA(17)
CCE= CJE+CDE+DATA(15)

CCC= CJC+CDC+DATA(16)

CONTINUE

RETURN

ENC



Piecewise Continuous, Circuit Dependent Functions
Examples: $1STPP = VST@P - SV0004

CALL PLIND(SS0102,RIND,STATE,CISAT,
$1FLXST1, $2FLXST2,FLXIN1l,DATAl,
LALGFT1)

SI0201 = RIND*SS0102-STATE*CISAT

Element parameters whose values change abruptly

at specific values of a node pair voltage or volt-
age integral must be described by the use of depend-
ent stop functions in the parameter description list.
The dependent stop function allows discontinuities
to occur in the transient simulation equations at
the exact circuit state for which the stop function
has a zero value. Under no other conditions should
parameter value discontinuities be allowed to occur
except when a UTF function changes state.

Whenever a dependent stop function goes to zero the
following operations areperformed by the TAG solu-
tion program. First the differential equation in-
tegrator, a subroutine called F mark, stops inte-
grating at the exact point in simulated time, FT,
for which the stop function is, for all practical
purposes, equal to zero. Next the TAG control vari-
able, LCNT, is set to equal three plus the value of
the stop function identification number. The pro-
gram is then routed to the output and control se-
quence, described in detail in section E. State-
ments may be included in this sequence which change
the values of circuit element parameters specifi-
cally when LCNT is equal to some number greater
than three. A second TAG control variable, LLCNT,
which is normally equal to -1 is set equal to the
stop function identification number during the next

evaluation of a1%7stop function values.
3-



integration subroutine is restarted as if a brand
new simulation run was beginning using the final
values of the previous simulation for its initial
values. This sequence of events must accompany any
abrupt changes in the coefficients or forcing func-

tions of the simulation equations,

The left hand side of the first example above
demonstrates the word structure of the TAG descrip-
tors for a dependent stop function. The first
character of all stop function descriptors must
always be a dollar sign ($). The second one or two
characters must be some number between one and fifty
which identifies the particular stop function being
defined. It is this number to which the TAG control
variable LLCNT is set when the value of the stop
function is zero. The characters following the
identification number are reserved for the name to
be assigned to the stop function in the solution
program. This name must follow the rules for naming
Fortran variables. All dependent stop function des-
criptors used in the parameter description list of
the TAG description deck must follow this format in
order to be properly classified and dealt with by the
TAG system,

The left hand side of the first example demonstrates

a typical arithmetic definition of a stop function,
Every stop function must have some such defining
expression. This arithmetic expression may of course
be of considerably greater complexity than shown here
but must always depend upon either a node pair

voltage or node pair voltage integral. When this
expression goes to zero, the stop function sequence is

triggered.
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In order to keep the same stop function sequence
from recurring indefinitely after it has once been
triggered, .a stop function should be either reset
or deactivated during the stop function sequence
associated with it. The sequence associated with
a given stop function is identified by the fact
that LLCNT equals the number of that stop function
while the functions are evaluated. The stop function
may be reset by adding a value to it which will
drive it away from zero. Deactivation and activa-
tion of a stop function are accomplished by the
subroutine TRMOD. The statement CALL TRM@D (n,O0)
will deactivate stop function number n. The state-
ment CALL TRM@D(n,l) will activate stop function
number n, All stop functions will normally begin
in the activated state and must be deactivated if
their effect is to be cancelled.

The second example, which includes both the second
and third statements listed above, shows a practical
useage of the dependent stop function. Two of the
arguments, $1FLXST1 and $2FLXST2, of the subroutine
CALL statement are seen to be dependent stop function
descriptors. Their values are defined within the
subroutine as functions of the node pair voltagé
integral S$S0102. The values of RIND, STATE, and
CISAT are changed whenever either stop function,
FLXST1 or FLXST2, go to zero. These values are used
in the second arithmetic statement to control the
effect of voltage integral SS0102 on current source
SI0201, The overall effect is to produce the piece-

wise linear inductance element whose terminal



properties are shown graphically below.

The

subroutine PLIND is listed in its entirety

immediately following the illustration.

@$=B-A= 550102
Y
STATE=+1.
P ~
P ~
7 STATE=O.
-~
~ - -
-CISAT I=H/T
=510201

RIND= I/SIope

STATE=-1.

S10201= RINDx* $50102 — STATE X CISAT

Piecewise Linear Inductance Characteristic
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e e ———————

SUBROUT INE PLIND(FLUX’RINDoSTATEoCISAT,FLXSTI’FLXSTJoFLXIN DATA,
1LLCNT s LALGF T, 1) AR

C CALL PLIND(SSXXYY) RINDIoSTATEI.CISATI $IFLXSTI.$JFLXSTJ FLXINlo
—- __..;V"Th‘,txrmr LALGR 1 —

C SIXXYY = RINDI * (SSXXYY + FLXINI) - STATEI * CISATI

C SUBROUTINE-PLIND 1S—APIECEWISE L INEAR- INDUCTOR CONTROL- SUBROH$+NE——ﬂ

C FOR THE TAG CIRCUIT ANALYSIS PROGRAM.

€ -~ -PLIND -CONTROLS THE- LINEAR-INDUCTORMODEL FMPLEMENTEDBYFHE— -

C CURRENT SOYRCE DESCRIPTION STATEMENT SHOWN ABOVE BY VARYING THE ,
e N ALHES—OFRINDE -ANB—STATE D ERENDHING—URON—FHE—FLUN—LEVEL—IMPRESSED—

C ACROSS THE DEVICE,

C FOR- FLUX LEVELS BETWEEN-+-AND — FLUXMX» -STATE—= O+ AND—THE CORE——-—

C EXHIBITS A PERMEABILITY OF UMAX YIELDING A RECIPROCAL TERMINAL

C INDUCTANCE RIND = RCPLOe——— — —— -— e e

C FLUXMX CORRESPONDS TO A LEVEL OF FLUX DENSITY WITHIN THE CORE OF é

—— - BMAK
FOR FLUX LEVELS ABOVE + FLUXMX, STATEI = +1. AND THE CORE EXHIBITS

A PERMEABILITY EQUAL -FOUSAT = UMAX/URATIOYTELDING— A RECIPROCAE——
TERMINAL INDUCTANCE RIND = RCPL1. ,
FOR FLUX LEVELS -BELOW— FLUXMXy STATE I—=—1+AND—FHE—CORE-AGAIN ——
EXHIBITS A PERMEABILITY EQUAL TO USAT AND A RECIPROCAL TERMINAL '

I MO TAMNCE - RIND
TINUUTTRIVCLT INVTTYY ™ TV&T'L}I

THE TERM - STATEI*CISAT SPECIFIES THE ZERO FLUX LEVEL MAGNITIZING
CURRENT INTERCERT -FOR—THE- THREE REGIONS OF OPERAFION—FHS—— —
INTERCEPT CURRENT EQUALS O IN STATE 0 SINCE THIS MODEL EXHIBITS NO
HYSTERESIS AND -CISAT AND—+CISAT—IN-THE—+1-AND—1—STATES —— " ——
RESPECTIVELY.

4\n(ﬂr\m(wﬂ\nrﬁr\rsn

|

CHOSEN SO THAT J = I + 1 AND NO OTHER 3TOP FUNCTION IS IDENTIFIED

BY EITHER OF THE SAME- NUMBERSy THIS -ALLOWS-THE USER TO—DISTINGUFSH—

ALL THE VARIABLES ASSOCIATED WITH A GIVEN INDUCTOR BY APPENDING

THE INTEGER 1 TO THE END OF _THE NAME OF EACH-ASSOCIATED VARIABLE-——

AS SHOWN ABOVE. A SECOND EXAMPLE 1S SHOWN BELOW OF THE CALL PLIND
e AND—CURRENT SOURCEDESCRIPTION—STATEMENTS AL FHEY-SHOULDACHALEY—
APPEAR IN THE DEVICE DESCRIPTION PORTION OF THE TAG DESCRIPTION
DECK. : — - s e o e
CALL PLIND(SSO103sRIND1sSTATEL»CISAT1»s$1FLXST1s$2FLXST2sFLXINL,
1DATALSLLCNTSLALGFT 1) — —— I —
S10103 = RINDI*(SS0103 + FLXINI) - STATE1*CISATI
ARG - e Fg ¥ T ME— I NTEGRAL—OF YO L FAGE BETWEEN—NOBES—HN—AND——

YY IN VOLT-SECS

hoannnon

ARG(2) = RINP—- -— RECHPROCALOF INCREMENTAL-INDUCTFANEE ——— ~m o — —
IN AMPS/VOLT-SEC
ARG(3) = STAFE -~ -STATE FLAG — INDICATES PRESENT STATE -OF - CORE-—

-1 FOR NEG SAT - n FOR U=UMAX - +1 FOR POS SAT
e ——— — ARG e SATF—
TERMINAL FLUX FOR STATES +1 AND -1 IN AMPS

ARG(5) = FLXST1- — LOWER Ftux +IMIT STOP FUNCTION - — — -

ArOAAAAANANAANAANAANANANANAN

ARG(6) = FLXSTJ - UPPER FLUX LIMIT STOP FUNCTION
ARG(T7) = FLUXIN - INITIAL-VALUE OF FERMINAL-FLUX - IN-VOEF-SE€S—- —-
ARG(8) = DATA - 6 MEMBER ARRAY OF CORE AND WINDING PARAMETERS
—m ARG — =t ENF—  ———STOR FUNCTHON-—F LAG——NOMINAL Y —FE A E—TFO—F———
EQUAL TO N AT FLXSTN = O
ARG(10) = -LALGFT =~ INITIALIZING FLAG = EQUAL TO -1-ON FIRST-PASS-—
EQUAL TO 2 THEREAFTFR
ARG(11) = 1 - LOWER LIMIT . STOP_-FUNCTION IDENTIFYING INTEGER -- -
’ DATA(1) = PTURNS - NUMBER OF TURNS IN PRIMARY WINDING
N —DATAL2) = PATHLAN — = MAGNETIC MEANRATH LENGTHIN-INCHES——
_3-.6,1 ————— - —_ — - e

C DATA(3) = CSAREA - MAGNETIC CROSS SECTIONAL ARFA IN SQUARE INCHES



— o = 30 STATE=al,

—_ 15 CONTINUE

DATA{4) = BMAX - MAXIMUM FLUX DENSITY IN GAUSSES
DATA(5) = UMAX - AVERAGE MAXIMUM PERMEABHLITY IN- GAUSS/70ERSTED
DATA(&) = URATIO - RATIO OF PERMEABILITIES UMAX/USAT

- -DIMENSION DATA46) — — -

100

CALCULATE TOTAL TERMINAL FLUX

FFLUX = FLUX -+ FLXIN S - e B e
IF(LALGFT-1) 100,10C»110

CONTINUE e e e R
CALCULATE MAXIMUM WINDING FLUX IN VOLT SECS

e FEUXMK - = -6y b5 E=8- X BMAX—% CSAREA- X PFURNS —— - -

FLUXMX=6.4516E-8%DATA(4)*DATA(3)*DATA(])

CALCULATF MAXIMUM RECIPROCAL WINDING INDUCTANCE IN AMPS/VOLT—SEC- -
RCPLO = 341330E+7 * PATHLN / ( UMAX * PTURNS %*%¥2 * CSAREA )
RCPLO=341330FE+7*DATA{ 2}/ (DATA(S ) XDATA( 11 *%2XDATA(3)y} —— - -
CALCULATE SATURATED RZCIPROCAL WINDING INDUCTANCE IN AMPS/VOLT SEC

~—REPLY = RCPLO *URATIO — - —

-1l
12

13

.GO TO 15 o R — N A —

RCPL1=RCPLO*DATA(6)

CALCULATE ABSOLUTE VALUE OF ONE STATE CURRENT INTERCEPF—IN-AMPS — -——
CISAT = RCPLO * FLUXMX ¥ (URATIO - 1.)

CISAT=RCPLO®FLUXMX* (DATA(6)=14) e —
CALCULATE THE ABSOLUTE VALUE OF THE BREAK POINT FLUX IN VOLT-SECS
FEXBRP—= REUXM*-
CALCULATE THE ABSOLUTE VALUE OF THE BREAK POINT FLUX ROUND OFF
GUARDBAND - IN VOLT=SECS —- - - mn - - e e e
DFLXBP = FLXBKP % 5,E-7

CALCULATE ACTUAL UPPER BREAKPOINT FLUXES IN-VOLT=SECS -

FLUXHH = + FLXBKP + DFLXBP

FLUXHL =+ FLXBKR—=_DELXBR

CALCULATE ACTUAL LOWER BREAKPOINT FLUXES IN VOLT-SECS

FLUXLH = = FLXBKR 4 DFLXBR-—
FLUXLL = - FLXBKP - DFLXBP

DETERMINE. INITIAL STATE - OF CORE o o o
IF (TFLUX=FLUXLH) 10,511,511

GO TO 15 ‘
CIF(TFLUX=FLUXHL)13,13,12 - — —— —
STATE=+1,

STATE= O.

IF(STATE) 104,106,108

—— . ..-104 CONTINUE ... ____ . _ ____ S 5

— e FLUXL- - =-=1,E30

FLUXH = FLUXLH /

RIND = RCPL1 |

G0O-I0 109 1
L4+ LY 1

i = i e

106

CONTINUE

SFLUXH = - FLUXHM—
FLUXL = FLUXLL
-RIND-=RCRLO ‘ |
GO TO 109

i

108 CONFINUE—

R =P

FLUXH = +1,E30

RIND = RCPL1

109

GO-I1I0- 109
- T - w7

CONT INUE

FIOUT = RIND # TFLUX - STATE #* CISAT

3=62-
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C OUTPUT INITIAL VALUES AND CALCULATED CONSTANTS
WRITE OUTPUT TAPE 651000 (DATALI)»I=196) - - - - —- -
1000 FORMAT (1H1/20Xs15HCORE DATA ARRAY//
e 120X+ BHPTURNS = +-E 16+ 8-+ 6H—TURNS 514Xy 2LHARIMARY WINDING—FYRN S/ — —
220X s BHPATHLN =9E1648,7H INCHESs13Xs21HMEAN MAGe PATH LENGTH/
. 320Xy BHCSAREA—=+E16 ¢ 8-y HOH—INCHES #4235 10X » 20HCROSS—SECTIONALAREA £~ - -
420X»BHBMAX  =»E164898H GAUSSESs12Xs20HMAXIMUM FLUX DENSITY/
— - BROX s BHUMAX——=y E16 ¢ 8y 16H-GAUSSES FOERSTED » & X3 2OHMAXFMUM—PERMEABIL T
6Y /20X s8HURATIO =3E164858H (RATI0),12Xs21HRATIO OF UMAX TO USAT)
— e WRITE-OUTRUTTARE-6+100 I P X MYy CFSATREPEO Y REPE - -
: 1001 FORMAT (1HO/ 20X»31HCALCULATED INDUCTANCE CONSTANTS//
o 120Xy BHF LUXMX- =yE16 48 y1OH- VOLT~SECS» 10X s 53HSATURAT FON- FLUX LEVEL -
2ALSO EQUAL TO BREAKPOINT FLUX/
320X+ BHCISAT —=5E1648 y5H--AMRS, 15X+ 54HMAGNI TUDE OF FLUX- AXIS INTERCE
‘ 4PT CURRENT IN SATURATION/
S — —520%»BHRCRLO =+ E 168+ LUH AMRSAVOLT =S EC+6X+3FHRECTRROCAL—INDUCTANCE—
6 FOR HIGH U REGION/
720%» BHRCPLT =3 E16+8 y 14H AMPS AVOLT ~SEC»6X 3 42HRECIPROCAL—INDUCTANCE -
8 FOR SATURATED REGION)
WRITE OUTRUT- TAPE 651002+ TFLUXsFIOUTsSTATE - - - S
1002 FORMAT(1HO,/20Xs27HINITIAL STATE OF INDUCTANCE//
e 1 P OX s BHTELUX—=yE16+8 1O VOLFmSECS 10X+ 3OHENIF LA VALUE OF FERMINA—

-2L FLUX/

-320XyBHIMAG - —=9E16+855H- AMPS, 15X s36HINI TIAL VALUE -OF MAGNITIZING C - -
4URRENT/

- 5299(ySHS:I'A:FEf-—-—-vF—Br-IvB}XvQ—H'H—N}TIAL STATE- OF CORE/ -
GO 70O 120

— 310 IFALLCNT———t 13332
111 IF(LLCNT - 1) 12051305140
: 120 CONTINUE - - - S e e
C CALCULATE VALUES OF FLUX LIMIT TRIGGER FUNCTIONS
' FLXSTI = + TFLUX — FLUXL— - - ) o
FLXSTJ = - TFLUX + FLUXH

DLETLIRN
WL TUTNY

130 IF(STATE) 15051605170 |
150 GO TO 220 ~ - - U SO
160 CONTINUE
SFRUXH = FLUXLH - - o o - - U e
FLUXL = -1.E30 - ‘
e e ST ATE= =1 ’ »
RIND = RCPL1

GG TO 120“ S A . - . e - -
170 CONTINUE
FLUXH = FLUXHH - - - .. — —_ SE—
FLUXL = FLUXLL
e ST AT o O — - -
RIND = RCPLO
GO TO 120 : - - SR
140 IF(STATE) 17051905200
190 CONTINUE — - S R
FLUXL = FLUXHL
e N e
STATE= +1. '
"RIND = RCPL1 e e
GO TO 120

- 200 GO TO 230 - - - — . : o E——
. 220 WRITE OUTPUT TAPE 651010
e 1010 FORMAT- -{-1HOy23H-OWER TRIGGER F IRED IN-REGION-~1v

GO TO 120

~
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230 WRITF OUTPUT TAPE 651020

1020 FORMAT (1HOy23HUPPER TRIGGER FIRED IN REGION -+1e4) ~ - - - -
GO TC 120
b——mm e — — . .,END- e et = e s e ———— _—————— — - e - - _——
iﬁ - —————— e — - —— —————— e - _
|
i
— ———— - J—— e — e
|
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‘ D. Requirement and Usage of Fortran Specification Statements

1,

General Considerations

The TAG description deck may require the use of Fortran
II statements in both the parameter description list
and the output and control sequence (to be described in
the next section). In order to use the full capabili-
ties of this language it is necessary to understand

and use the so-called Fortran specification statements.
For a complete list and detailed explanation of these
statements, the previously mentioned Fortran manuals
are suggested as adequate reference material. The
names of these statements are DIMENSI@gN, C@MMZN,
EQUIVALENCE, and FREQUENCY. The DIMENSI@N statement

is the only one that will be described here since it

is the most frequently useful of the four and is al-
ways required in the TAG description when plotted out-
puts are called for.

The specification statements are provided by Fortran for
the general purpose of increasing the efficiency of a
given program by reducing the amount of memory required,
or by reducing the number of basic machine operations
required, or by streamlining the program flow. Fortran
arithmetic and subroutine statements dictating the usage
of specification statements will occur in both the para-
meter description list and output and control sequence
list. Regardless of their origin, all Fortran speci-
fication statements which appear in the TAG description
deck should follow immediately after the parameter list.



Even though the TAG description deck borrows a part
of its word and statement structure from Fortran II,
it should not be considered a Fortran program itself.
For this reason the sequence rules stated for the TAG
description deck always take priority over those

stated for Fortran programs. ‘

The DIMENSI@N Statement

Example: DIMENSIgN BFI (100), DATAT(17)

In preparing Fortran statements it is often desirable

to apply a single name to a whole list of variables or
parameters. A set of variables or parameters referred

to by a single name is obviously multiple-valued, and |
storing it in the computer memory requires as many word
locations as there are members of the list. The

DIMENSI@N statement is required by Fortran to list the
number of memory locations to be allocated to each multi- '
valued variable or parameter. This number is listed as

an integer in parentheses following the variable name

and must be equai to or larger than the number of values
referred to by that name. Any variable name not appear-
ing in a DIMENSI@N statement will automatically be as-
signed a single memory location in which to store its

value,

The variable names which appear in DIMENSI@N statements
are separated from one ancther by commas as shown in

the above example. The spacing of variables on the card
is at the complete discretion of the user since blank



spaces are ignored by Fortran. Entries may continue
from card to card following the rules for Fortran
statement continuation. Any number of DIMENSI@N state-
ments may be used to cover all multi-valued variables
appearing in the TAG description deck.

The example shows a typical two entr& DIMENSI@N
statement as it might appear in TAG. The first entry,
BFl, is of the type that is always required when a
plotted output is desired. The TAG automatic plot
routine requires a set of 100 memory locations to be
named and made available to it for each two variable
output curve specified. If more than one output plot
is desired, additional memory buffers must be dimen-
sioned each for 100 locations. These could be added
to the DIMENSI@N statement as BF2(100), BF3(100), etc.

The second entry in the example, DATAT(17), might
represent a list of 17 parameters required in the
calculations performed within a device model subroutine.
Such a subroutine would be named in a CALL statement
appearing in the parameter description list, and the

name DATAT would appear as one of its arguments,



E.

The TAG Output and Control Sequence and Description Deck

End Statement

l. General Characteristics of the Output and Control

Sequence

Content of the Output Sequence

The listing of the output sequence follows immediately
after the Fortran specification statements and
controls the 6utput of all circuit variables whose
values are required by the user to display the
results of the simulation process. Output vari-

able specificatioﬁ and labeling, print-out format
specification, and automatic curve plotting are
called out by the user within this sequence. In
addition to pure output specification, any desired
Fortran coding can be added to this part of the

TAG description deck for the purpose of computing
secondary results, summaries of results, special
control functions or any other desired expressions.
In section D, only the print-out and plot-out speci-
fication statements will be described in detail since

their use is almost universally required.

Entering the Output Sequence

The first statement of the output sequence must
contain a statement number in columns one through
five of the card on which it appears. This number
is used in‘the TAG solution program as the link be-
tween the internally computed circuit equations and

the users output sequence. As such, its existance

3-68



is absolutely essential; furthermore, it must be
the first statement number to appear in the TAG
description deck. Numbers larger than 5999 should
not be used as statement numbers anywhere in the
output sequence because they may already be as-

signed to the solution program by the TAG processor.

For pure D.C. steady state problems, the output
sequence is executed only after a solution is
achieved which meets the criteria specified within
TAG or by the user for node current equilibrium.
For all transient problems the output sequence is
executed periodically at a rate specified by the
value of the TAG control variable F@UT. F@UT is
the period in simulated time between succeeding
executions of the output cycle. The number assigned
to FPUT by the user specifies the time resolution
of the transient simulation results.

In addition to this purely periodic coupling between
the output sequence and the internal computational
sequence, the user can force the program to execute
the output sequence at either a specific value of

a circuit dependent variable or a specific point

in simulated time. The circuit variable controlled
link occurs at the exact point at which a dependent
variable stop function is satisfied. With the cir-
cuit in the exact state specified by the stop function,
the program executes a single pass through the out-
put sequence. Stop functions are specified within
the dependent parameter list.



The time controlled link is achieved by the pre-
sences of UTF functions in the parameter des-
cription list. When simulated time becomes equal
to the argument of a UTF function, the program
directs the output sequence to be executed twice
at the exact time specified. The first pass
occurs with the value of UTF equal to one and the

second occurs with the value of UTF equal to zero.
Ending the Output Sequence

The only link between the user and the solution of
the simulation equations is through the output
sequence. It is therefore within this sequence

of operations that the user must exercise control
over the overall simulation process. This means
that, by the end of the output sequence, the
decision must be made whether to continue the
present simulation run, change values and start a
new simulation run, halt the simulation all to-
gether, or take some other desired action. The
final statement of the output éequence must direct
the program to the next sequence of operations to

be performed.

Decision making and program control are accomplished
using the Fortran control statements described in
the referenced Fortran manuals. Section 5.0 of this
report will describe in detail the flow of a typical
solution program. This information is necessary

for a complete understanding of solution process
control, However, a few examples of typical output



sequence endings will be provided here for the
beginner to follow.

1) Single Pass D.C. Steady State Solution
Example: G@ZT¥ 6000

The last statement of the output sequence
would be as shown in the example above.

After all the steps of the output sequence
were performed, the program would switch to
the internal TAG statement numbered 6000 and
proceed. In all TAG solution programs the
sequence of events started by statement 6000
has the effect of reseting the solution pro-
cess, reading in a new set of parameter data,
and starting a new solution run. If there is
no new parameter data to be read, the program
is auotmatically terminated.

2) D.C. Steady State Transfer Functions for a

Stepped Input

Example: SV0001 = sv000l1 + DELTAV ‘
IF (SV0001-VO1MAX) 62000,6000,6000

This setup has the effect of producing a D.C.
steady state solution for every value of
SV00014+SV000l (initial)+N*DELTAV(for N=0,1,2 --)
up through SV0001+VO1MAX. The values of SVO0Ol
(initial), DELTAV, and VOlMAX are supplied by
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the user in the data list. The IF statement
controls this process by routing the program
to statement number 6200 as long as the
value of sVv0001l is less than or equal to
VO1MAX. At statement number 6200 the sol-
ution process is begun again using the new
value of Ssv000l1l and the previous solution
for its set of initial values. When SV000l
becomes greater than VO1MAX, the process is
terminated by routing the program to state-
ment number 6000 which has the same effect

as explained in the previous example.

Transient Simulation Without Plotted Outputs

Example: IF(FT-D@NE) 6200,6000,6000

For transient simulation the output sequence is
automatically executed eéch time simulated time,
FT, reaches an integral value of the time re-
solution control variable FGUT. The effect of
the above output sequence terminating state-
ment is to continue the simulation run as long
as FT is less than the value of the user sup-
plied termination variable, D@NE, by directing
the program to statement number 6200, When FT
becomes equal to or larger than D@NE, the simu-
lation run is terminated by directing the program
to statement number 6000. By this simple method
termination may be controlled to no finer re-
solution than F@UT since the test for termina-
tion is made within the output sequence. This

can of course be remedied, if required, by using



the statement UTF (D@NE) somewhere in the

parameter description 1list.

Automatic Print-Out Specification

Example: TIME = FT D
VR1 = 8Sv0304 S
IRl = 8V0304*5G0303 S
VCBQ2 = Sv0204 S

TAG provides a simplified format for specifying, naming,
and formating output variables to be printed. A simple
Fortran equality statement with a print control char-
acter D, S, or E in column 73 of the statement card is
all that is required. TAG takes these automatic print-
out statements and produces the proper Fortran WRITE
JUTPUT TAPE and F@RMAT statements for the solution pro-
gram.

The output will appear as a single column of output
variable names equated to their numerical values. The
only control that can be exercised over this format is
to vary the vertical spacing between adjacent outputs
by specifying either E, D, or S as the print control
character. If the automatic print-out format supplied
by TAG is not desired, the user can place his own
Fortran output statements in the output sequence list.
Any arithmetic statement appearing in the output seq-
uence which contains no print control character in
column 73 will be treated in the solution program as

a normal Fortran statement and will have no WRITE
@UTPUT TAPE or FPRMAT statement generated for it.
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The name that will identify a particular quantity in
the printed output list is supplied by the user as the
variable appearing to the left of the equal sign in an
automatic print-out statement. Such names should be
chosen to convey to the user the nature of the quantity
they identify. They may be identical to variables
appearing in the TAG equivalent circuit or arbitrarily
chosen by the user. In any event, the names chosen
must follow the rules for naming Fortran floating point
variables and must not, therefore, begin with numbers
or the letters I, J, K, L, M, or N. 'All output values
are expressed in floating point decimal notation to

eight significant figures.

The right hand side of the equal sign of an automatic
printout statement is reserved for specifying the
gquantity which the name on the left is to identify.
This quantity must be expressed in the same language
that was developed to describe the TAG equivalent cir-
cuit to the equation generator. Since the TAG equations
are written in terms of node pair voltages, such vol-
tages may be specified directly using the same type of
description and polarity rule as was used to form the
connection list. This is shown in the first and third
examples above. Quantities not calculated directly by
the simulation equations or parameter description
statements may be calculated either separately in the
output sequence or as part of the automatic printout
statemeht. This is shown in the second example above.
The quantities normally available for direct printout

are node pair voltages, node pair voltage integrals,



simulated time, and all element parameter values.

The print control character must be placed in column
73 of any arithmetic statement whose value is to be
printed out. In addition to flagging a particular
statement as an automatic printout statement, the
print control character serves to cdntrol the vertical
spacing of the output listing. S stands for single
space and then print. D stands for double space and
then print. E stands for eject (reset to the top of
the next page) and then print.

It should be noted that, even though IBM cards have
eighty columns, standard Fortran coding sheets only
show 72. To overcome this deficiency a special note
should be made to the key punch operator which clearly
labels the right hand margin of the coding sheet as
column 73. The print control characters are then
placed in this margin area in line with the statements
to which they belong. This will be illustrated in

the examples at the end of this section. If a multi-
card arithmetic statement (which must follow the rules
for Fortran continuation) is required as an automatic
print-out statement, a print control character should

appear in column 73 of each card.

The example shown above will produce the following
printed output. This list will continue for all values
of TIME = N*F@UT (FGUT = .5 and N = 0, 1, 2, --) up to

termination time, DJNE (see section E, paragraph 1l-c).
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TIME = 0.00000000E-00

VR1 = 0. .
IRl = 0.
VCBQ2 = 0.
TIME = 0.50000000E 00
VR1 = 0.
IR1 = 0.
VCBQ2 = 0.
TIME = 0.10000000E O1
VR1 = 0.
IRl = 0.
VCBQ2 = 0.

Automatic Plot-Out Specification

The TAG system offers automatic two variable curve
plotting as one of its convenience features. This is
accomplished by a special set of subroutines which
have been made a part of the system and are accessible
to the user through a single relatively simple CALL
statement. The statement CALL SC@PE (--), supplied
with a suitable set of arguments, is all that the
user need supply to the output sequence for each plot
desired. The program will automatically collect and
store the desired data points, scale and label the
axes, properly format this information, and output it
onto a special magnetic plot tape for off-line proc-

essing on a Stromberg-Carlson 4020 plotter.



The plot subroutine CALL statement is set up like

any Fortran CALL statement and requires 7 arguments
supplied to it by the user. The definition and order
of the arguments are shown below along with a sample
CALL SC@PE (--) statement.

CALL SC@PE (X, Y, BFN, M, K, IHYname, JHXname)

Where

X is the name of the independent variable
Y is the name of the dependent variable
BFN is the name of a group of memory
locations dimensioned by the user and
available to the scope routine. BFN
should be dimensioned at least 100.

M is the number of memory locations al-
located for BFN (normally 100)

K is a control variable.

K must be equal to 1 for collecting data
points and equal to 2 on the final pass
through the plot routine at which time
the axes are scaled and labeled.

IHYname is a Hollorith specification for

the dependent axis label.

In this specification I is the number of
characters which appear in the Yname label
(including all blanks and punctuation ex-
cept for the final comma). H is the char-
acter H which denotes a Hollerith speci-
fication.

Xname is the group of characters which make
up the independent axis label.



Example: CALL SCgPE (FT,SC0103,BF1,100,K,9HVBE VJLTS,
9HTIME SECS)

The particular automatic plot statement shown in the
above example specifies a plot of the node pair vol-
tage, SV0103, as a function of simulated time, FT.

Both the time and voltage axes of the final plot will
appear properly scaled and will be labeled "TIME SECS"
and "VBE VOLTS" respectively. Unfortunately this single
CALL statement will not by itself produce the plot since
it does not provide the required control over the vari-
able K. K must be controlled by the user to equal 1
during normal data gathering passes and 2 during the
plot finalization pass. Two methods by which the user

may achieve this control are illustrated below.
a. Repeated CALL statement

CALL SC@PE (X,Y,BF1,100,1,1H1,1H1)

CALL SC@PE (W,%,BF2,100,1,LH1,1H1)

IF (FT-D@NE) 6200,60,60

60 CALL SC@PE(X,Y,BF1,100,2,1HY,1HX)
CALL SC@PE(W,%,BF2,100,2,1H2,1HW)

Gg T@ 6000

In the repeated CALL statement method, illustrated
above, the output sequence is routed through only
the first set of CALL statements (in which K equals
one) as long as FT is less than DgNE. When FT



becomes greater than or equal to D@NE, the second
set of CALL statements (in which K equals two) is
executed just prior to process termination. As
many plot statements as desired may be accommodated
by this method. The axes names supplied in the
first set of CALL statements are not used and may
therefore differ from those appearing in the second
set of CALL statements.

Explicit control of K

K=1
IF (FT-D@NE) 61,60,60
60 K = 2
61 CALL SC@PE (X,Y,BF1,100,K,1HY,1HX)

CALL SC@PE (W,Z,BF2,100,K,1HZ,1HW)
IF(K-2) 6200,6000,6000

In this method the CALL statements are coded only
once. K appears explicitly as the control variable
in each. The first IF statement controls the value
of K used by the CALL statements. For FT less than
D@NE statement 60 is skipped over and the CALL state-
ments are executed with K equal to 1. The second

IF statement continues the simulation process by
routing the program to TAG statement number 6200.
When FT becomes equal to or greater than D@NE, K is
set to two by statement number 60 before the CALL



statements are éntered. The plots are then finalized
with K equal to two. The simulation process is then
terminated by the second IF statement which routes
the program to TAG statement number 6000. When

many plots are desired, this second control method

has an obvious advantage in coding efficiency.

The TAG Description Deck END Statement.

Example: END

The final statement in the TAG descripﬁion deck must
be a Fortran END statement. This notifies the TAG
solution program generator that the last card in the
TAG description deck has been reached. Such an END
card is always necessary.

Example Output Sequence and END

The following example output sequence coding sheet refers
to the example circuit at the end of section 3-C. The

desired output variables are input voltage, input current,

transformer primary voltage, current in inductor Lp , trans-

former secondary voltage, voltage across load resistor

RL » and current through Ry . It is desired that TAG

produce a time history of the response of these variables

from FT , the time variable, equal to zero to FT equal

'D¢NE, a variable whose value is entered in the data list

at execution time. It is further desired that each block
of output information be identified by the time at which
it occurs, and be separated from other blocks of data by
a double space. Both a printed output listing and a

set of plotted'output curves are required.
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‘ F. Set-Up of the TAG Data Deck

1. General Characteristics of the TAG Data Deck

The TAG data deck is distinguished functionally
from the TAG description deck by the fact that it
supplies circuit parameter and simulation control
information to the solution program rather than
to the TAG program generator. All significant,
non-zero, variable parameters and control con-
stants named in the description deck must be sup-
plied with numerical values which will allow the
solution program to perform the desired circuit

simulation.

TAG provides, as part of the solution program, a
special input subroutine which allows the user to
list all numerical data in a simple but flexible
. format. Each number appearing in the data list
is identified by the name of the variable to which
it belongs. During the generation of the solution
program, the input subroutine is supplied a list of
all the variable names in the TAG description deck
specified by the user as well as several internal
TAG control variables. When the solution program
is executed, this subroutine matches the names in
its variable list to the names in the data deck
and assigns the indicated numerical valuesto the
proper program variables. Therefore, the names
in the data list must correspond exactly to the
names which appear in the TAG description deck.
This aﬁplies particularly to the order of the
node numbers in a branch element descriptor.



In addition, the input routine provides for both
commenting and limited carriage control of the
data list which is reproduced during program ex-
ecution as a check for the user. Any data card
in which a C appears in column 73 is treated by
the input routine as a comment card and is there-
fore not processed as data. This allows the user

to label each data set and execution run as desired

to avoid confusion. An E appearing in column 74

will cause the input routine to instruct the printer
to eject a new page before continuing the data list

printout.

Data List Format

Example:

TRANSIST@R INVERTER TEST CIRCUIT
SV000l1 = 10., SV0005 = 20.,
$C0201 = 0.1E-9,

SG0201 = 0.1lE-3, SG0405 = 1.0E-3,
$G0302 = 100.E-3,

]

DATAT = ,075E-12, .149E-12, 0.0, 0.0, .991,.500

2.0E-9, 2.0E-7, .75, .75, .50, .333,
95.E-12, 33.E-12 0.0, 0.0, .026,
DYNE = 1.0E-6, FgUT = 0.0lE-6,
SPEED-UP CAPACIT@R 0. VOLT INITIAL CONDITION
SV0201 = 0.0, SV0403 = -20., SV0003 = 0.0, *
SPEED-UP CAPACIT@R 5.V@LT INITIAL CONDITI@N
SV0201 = -5,, SV0403 = -25., SV0003 = 0.0,%

The example data list shown above might be con-

sidered typical for the simple transistor inverter

circuit whose TAG equivalent circuit is shown be-

CE

C

C

low. Both single and multiple valued data statements



are shown. The final two statements specify the
capacitor initial conditions for two separate
simulations. Values for the two transistor cur-
rent sources and shunt capacitances are calculated
by the users transistor subroutine from parameter
values given in the list DATAT. The DATAT list
given here is an approximate set of parameter
values for the 2N910 transistor modeled by the
TRAN3 subroutine listed in section III.C.5.Db.
Example:

. Y . .
Q‘y SG0405 Qj,

o1) sG.0201 (02 SG.0302
() sG.0z01 (@2)

S10304
O

1 b‘*‘—
o SCD403

{\‘f
|

_
510300

<
scddos

TAG Equivalent Circuit of Example Transistor Inverter

SV0005



The data list is formed as a series of data
statements. Each statement equates a particular
variable name to the one or more values which be-
long to that name. While many of these statements
look like simple FORTRAN arithmetic statements,
they should never be confused with actual FORTRAN
coding.

Each data list statement contains a variable name,
an equal sign, and a list of one or more numerical
values. The statements are punched anywhere in
columns one through seventy-two of an IBM card.
As many statements may be placed on a single card
as desired. Blank spaces may be left anywhere
within these statements to augment clarity and
readability. The statements are separated only
by a comma and the last statement of a given list
is followed by an asterisk. This makes the data
list format identical in punctuation to that of
the connection list. The statements follow from
card to card and may use as many cards as are
required to specify the values of all variables
appearing in the solution program.

The values for a multiple valued variable follow
the equal sign as a list of numbers separated by
commas. Such a list may follow from card to
card without change of format for as many cards
as required. FORTRAN continuation notation is
not required and must not be used here. The end
of the list is detected by either the next vari-
able name or the finalizing asterisk.



Unlike the connection list, the last data state-
ment may be followed by a comma before the final-
izing asterisk. This allows for standardization
of all data statements for ease in data list mod-
ification. The asterisk may then appear by itself
on the final card.

Multiple Data Lists

As many different sets of data may be supplied to
the solution program for a single computer run as
desired. This is accomplished by stacking the

data lists one behind the other separated only

by the finalizing asterisk of each. If the final
statement of the output and control sequence routes
the program to TAG stagement number 6000 after each
simulation run, the data lists are processed one at
a time in their order of occurrence in the data
deck. After the last list is processed, the pro-
gram is automatically terminated.

If the data lists for a given computer run differ
from one to the next by only a few values, a com-
plete listing of data values need be given only once
in the very first list. Each subsequent list is
completely specified by the data statements whose
magnitudes actually change. The program will al-
ways remember the previous data list values and
substitute the new ones only where required.

In the example data deck of the previous section

two datarlists are shown. The first list includes
all the data statements down to the first asterisk.
This list completely specifies all values required



for a successful simulation run. The second data
list, which ends at the second asterisk, implicitly
includes all the entries in the first data list ex-
cept for the single explicit initial condition volt-
age statement shown. The solution program is first
executed using the parameter values specified in
the first list. It is then run again with only

the parameters of the second list changed in value.

TAG Internal Control Parameters

TAG has built into it a set of internal variables
and control cnnstants which are assigned nominal
values by the solution program. A subset of these
are available in the input list and may be controlled
by the user if the normally supplied nominal values
are not suitable for a given simulation. The two
distinct groups into which this set of controllable
constants fall are transient simulation control
variables and non-linear DC steady state control
variables. Simulations containing a mixed set of
algebraic and differential equations will involve
both sets of controls.

a. Transient Simulation Control Variables

FT-Simulated Time.

The name used by TAG for the independent vari-
able, time, is FT for all transient runs.

This is available in the input list for the
purpose of allowing simulated time to be
started at any initial value desired. If

such a value is not supplied to the data list,
the execution program will always start at
initial time FT = O,



FZUT - Time increment between output sequence
executions.
The variable FPUT is used by the TAG simulation
program to effect periodic execution of the
users output and control sequence. Whenever
FT equals FT (initial) + n * F@UT(n=1,2---),
the integration process is stopped and the
output and control sequence is executed.
Such a stop is called a print stop since its
usual purpose is to output information to the
user. Reentry from a print stop into the in-
ternal integration sequence does not accom-
modate discontinuities in the simulation
equations. Therefore, a print stop may not
be used to change the values of any param-
eters which effect the simulation equations.
If FGUT is not supplied a value by the user,
it will be set to zero. A zero value of F@UT
will cause the simulation program to execute
the output sequence at UTF stops and dependent
variable stops only. If there are no UTF stops
or if all UTF stops have been executed the out-
put sequence will be executed every 10 * FSTEP.
The user should normally provide a value of
F@UT to the data list.

DZNE - Simulation termination control.

The termination control variable is supplied
to the program by the user and is included
here only to complete the list of normal tran-
sient simulation control variables. If the
user controls termination in the normal manner
by including a statement IF (FT - D@NE) 6200,



6000, 6000 at the end of the output and control
sequence, the variable D@NE must be assigned a
value of time and included in the DATA list.

If such a value is not provided by the user,

the program will assume D@NE equal to zero.

The user may, of course, use any variable name
desired other than D@NE for termination control
as long as it is unique within the program and
does not start with letters I, J, K, L, M, or N.

FSTEP - Initial integration time step.

FSTEP is the initial value of time step used

by the transient simulation equation integrator.
In the Adams-Moulton variable step size integra-
tion mode the integration step size is controlled
internally as a function of the allowed trun-
cation error. However, the process is started
in the Runge-Kutta mode using fixed-step size
equal to FSTEP. After a sufficient number of
points have been calculated the process switches
to the Adams-Moulton mode for increased compu-
tational efficiency. The step size will then

be halved or doubled depending upon satisfac-
tion of certain local error control criteria.

In the Runge-Kutta integration mode integra-
tion remains in the Runge-Kutta starting mode
for all time and the step size is maintained

at the value of FSTEP. The simulation pro-
gram sets FSTEP to 1.E-11 unless a different
value is entered into the data list by the

user. FSTEP should be smaller than the

smallest local circuit time constant. If UTF
functions are used, FSTEP should be larger than



FT *1.,E-8 for any value of FT at which such

a stop occurs.
LTYPE - Integration mode selector.

LTYPE is an integer variable and its value is
therefore listed without a decimal point.
LTYPE is normally set to 4 by the simulation
program. For LTYPE equal to 4 the integrator
is set to the Adams-Moulton variable step size
mode. The user may set LTYPE equal to 2 which
will force the integrator to remain in the
fixed step size Runge-Kutta mode.

FEPSL2 - Relative lower bound on truncation

error.

In the Adams-Moulton variable step size mode,
when the measure of the local truncation

error drops below FEPSL2 times the value of
the dependent variable for any equation being
integrated, the integration step size is auto-
matically doubled. FEPSL2 is nominally set by
the execution program to equai 5.E-6.

FEPSL3 - Relative upper bound on truncation

error.

In the Adams-Moulton variable step size mode,
when the measure of the local truncation error
rises above FEPSL3 times the value of the de-
pendent variable for any equation being inte-
grated, the integration step size is auto-
matically halved. FEPSL3 is nominally set

by the execution program to equal 5E-4.



FEPSL4 - Smallest allowed integration step size.

In the Adams-Moulton variable step size mode
FEPSL4 is -the smallest value of integration
step size allowed. FEPSL4 is nominally set
by the execution program to equal 1.E-16.
FEPSL4 should always be set at ieast an order
of magnitude below the smallest expected local
circuit time constant.

Non-Linear DC Steady State Control Variables

FEPSL - Maximum relative dependent variable
step size at a solution.

The Newton-Ralphson process is used to solve
the non-linear algebraic simulation equations
which arise in the characterization of circuits
and segments of circuits which do not include
either capacitive or inductive elements. The
Newton-Raphson process attempts to move the
state of the circuit from an initial state
which is not at equilibrium (as defined by
Kerchoff's current and voltage laws) to the
equilibrium state corresponding to the speci-
fied energy source distribution. This may be
viewed as choosing a tree branch voltage vector
v], which by definition satisfies Kerchoff's
voltage law, in such a way as to minimize a
residual function F(V]) which is a measure of
the sum of the currents into each circuit mode.
As the residual function F(V]) is forced to-
ward zero, the sum of the currents into each
node will also be forced toward zero, thus
achieving increasingly better satisfaction of
Kerchoff's current law. The algorithm which is
used to accomplish this is as follows:

3-91



F (vn])
Vn+i] = Vﬁ]— E-FTG;T).

A4 is the tree voltage vector

wh :
ere n+l-

generated at the nth iteration
step.

F(Vh])is the residual function evaluated
using tree voltage vectors Vn
which was generated at the
(n-1)th step.

F(Vn])is the matrix of derivations

of the residual functions with
respect to the tree voltage
vector V] evaluated at

v]= Vn] .

-V ] is the tree voltage vector
which defines the initial (non-
equilibrium) state of the
network.

TAG requires that the largest member of V
Vn+1] - vn] be less than FEPSL * vnj before
the process may be said to have converged to
a correct solution. The simulation program
sets FEPSL to a nominal value of 5.E-6.

FEPSL1 - Maximum relative residual at a

solution,

In addition to the step size criteria explained
above, TAG requires that the largest value of
the residual vector F(Vn]) be less than

FEPSL1 * Vh+1] before the process may be said
to have converged to a correct solution. The
simulation program sets FEPSL1 to a nominal

value of 5.E-6.
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FEPSL1 -~ Maximum relative residual at a

solution.

In addition to the step size criteria explained
above, TAG requires that the largest value of
the residual vector F(Vn ) be less than

FEPSL1 * Vh+l before the process may be said
to have converged to a correct solution. The
simulation program sets FEPSL1 to a nominal
value of 5.E-6.

LMAX - Maximum allowed number of steps to

achieve a solution.

The maximum number of Newton-Raphson steps
allowed to achieve solution convergence is

set by the value of LMAX. This control is
required, because in many situations in the
present formulation of TAG, solution conver-
gence will never be achieved unless the initial
circuit state is sufficiently close to the final
solution state. LIMAX will limit the number of
iterations so that unnecessary waste of computer
time will be avoided. The simulation program
sets LMAX equal to 50. This is an integer
constant,

LDBGOl1 - Diagnostic print control variable.

When convergence of the Newton-Raphson process
is not achieved in LMAX number of step, it is
often helpful to print out the results of each
step. The integer constant LDBGOl is provided
to allow such a diagnostic print out. When the
internal step counter passes the value LDBGOl,
the number of each equation, the value, F,
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of each residual, and the value, X, of each
tree branch voltage is printed out. The
equations are in the same order as listed

in the Fortran solution program. The solu-
tion program sets LDBGOl to 51 which is one
greater than LMAX and insures that, for LMAX
equal to 50 no diagnostic print out will occur.
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‘ 4.0 TAG SYSTEM DECK SET-UP

A. General Comments

The IBM card deck that is actually submitted to the
computing system for execution is herein called the
TAG system deck. The system deck may be submitted

in any one of several forms depending on the require-
ments of the user. Most of these forms are presented
in part B of this section.

The TAG system deck is composed of several smaller sub-
system decks stacked together to form one large deck.
Some of these smaller decks, like the TAG description
and data decks, are unique to a given circuit and must
be supplied by the user. Some of the other small decks
supply the machine coding for the general solution and
control subroutines required during execution of the

‘ TAG generated simulation programs and are therefore a
permanent part of the TAG execution system. A third type
of subsystem deck is the component modeling subroutine
which may start out as user supplied coding for a par-
ticular circuit simulation but may be incorporated into
the permanent execution deck if applicable to many

circuits.

Each of these subsystem decks will be written in one
of the five languages provided for in the TAG -
FORTRAN II system. These five languages are:

TAG - Used in the TAG description deck only

FORTRAN - Used in component modeling or control
subroutines

FAP - May be used like FORTRAN but not recom-

mended for general use by engineers.



BINARY - Used for all permanent parts of the system
execution deck. These binary decks are
produced by the system compilation of all
FORTRAN and FAP source decks.

DATA - The language of the data deck is explained
in section 3.F and is unique to the TAG

system input subroutine.

Regardless of the form of the system deck or the
purpose of a computer run, certain basic system rules

must be followed to attain proper results.

1. Regardless of the functions of a particular
subsystem deck it must be ordered in the TAG
system deck according to its language content.
All such decks will appear following the sys-
tem control cards. The language order is as
follows: TAG, FZRTRAN, FAP, BINARY, DATA.

2. The first IBM card in any deck must be a
brown $J¥B card. Its format and contents
are illustrated below.

A i B ’ C 1 D 1 E IFI G
$J@B CIB,5502000,40007-0,78877,AFC1,5,10000

A - Programmer initials

B - Program identification number
C - Work order number

D - JPL employee number

E - Run specification information

A - Bld 125

F - Fortran II Monitor
C - Code check

1 - Single copy listing



USER AND EXT

CZ

5332

F - Estimate of run time in minutes

G - Estimate of lines of printing in output
listing

The rest of the card may be filled in by the

user with any identifying symbol or name.

in any deck must be a Green
The EOF card has
EOF cards may be

The last card
EJF or End of
7 and 8 punch

File card.
in column 1.

obtained from the computing system office.

Each time a deck is submitted to the computing
system for a computer run, a job request form
must be filled out and submitted with it. An
example form filled out for a typical TAG com-
bination compilation and simulation run is

shown below. These forms are supplied by the

computing system office.

DECK ID I OUTPUT DISTRIBUTION

DG BOX

125 | 63

5502

=)
COCE

PROGRAM ID

WORK ORDER NO EMPLOVEE NO. [4Rea] svs Forml ¥ LINE COUNT

c,IB

5,502,000

00

410&@471‘10 7.88.2,718 |F 11, 110,0,0,0,

PLOT FRAMES

SAVE
i ITAPE

ROTATE
TUBE

5

F8o

)
ASSIGNED| DENSITY | COMMENTS .
TO  [200lsselaod

TAPE NO

35MM

5330

[«]

ZCcomD

wiIT| |V| | ¥F RLWG

OPERATIONS USE ONLY

TIME OUT __

wCcH4pqw

PL@T & FARANES @gN sc¥020

TIME IN

LOAD TERMINAL

MOVE TO

LOAD SEQ

PLOT TAPE NO

SCF DCOS REQUEST

JPL 1102 FEB 686




The card immediately preceding the TAG
description deck must be a * LOAD 12
card. This causes the TAG preprocessor to
be read into the computer from tape and sur-
renders control of the machine to it. 1In no
instance should a card appear between the

* LOAD 12 card and the first card of the
TAG Description Deck connection list.

The card immediately preceding the data deck
must be a * DATA card.

For a simulation run to be made either as
part of a TAG compilation run or as a sub-
sequent normal execution run using the TAG
generated simulation program in either its
FORTRAN or Binary form, a * XEQ card
must be included in the deck between the sys-
tem control cards and the start of the actual
program cards.

Between the $J@B card and the first Fortran
monitor control card (such as * XEQ or

* I#AD 12) the system control cards are
placed. These cards generally setup and as-
sign tape units for input-output require-
ments. Scratch tapes need only an ASSIGN
card. Actual input or output tapes require
both a SETUP and an ASSIGN card for each.
The ATTEND 0,77777 card provides for
a system core dump in the event that either
the output line count or run time estimates
are exceeded. Additional information about
the system control cards can be acquired at
the computing system office..
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B. Contents and Order of Example TAG System Decks

1. General One Pass Preprocessor and Simulation Run

EgF

DATA DECK
% DATA

ALL BINARY DECKS

ALL FAP DECKS

ALL FORTRAN DECKS

TAG DESCRIPTION DECK

$J¢B ® e o
USER AND EXT.>*"" =T /

u,’.,. PROOGRAMID | —=~ | ~===—- T <I-{-=-[-——

€330 EE L

Q
a

Pictorial representation of the most general form of the
TAG system deck.

The most general form of the TAG system deck occurs in the
one pass combination preprocessor-simulation run. In this
mode of operation a full set of subsystem decks and control
cards are required. Such a deck is shown pictorially
above. Its many parts are listed in detail below in the



order in which they should occur in the system deck.
An OP, to the right of a given entry means optional.
Optional portions of the system deck are included
only when the particular feature that they provide
~is required.

1. Run Request Form
2. $J@B Card
3. System Control Cards

SSETUP UT8 P5330, NORING
S$ASSIGN SYSUT8
SASSIGN SYSUT9
SASSIGN sYsuT7
SASSIGN SYSUT6
$SETUP PL1 DISK, PLOT,,,1l OP.
SASSIGN SYSPL1 oP.
SSETUP UTO DISK, PUNCH OP.
SASSIGN SYSUTO oP.
SATTEND 0,77777 OP.
4, Fortran Monitor Control Cards
* XEQ
* L@AD 12
5. TAG Description Deck
6. All Fortran Subroutine Decks OP.
7. All Fap subroutine Decks OP.
8. All Binary Decks

Component Modeling Subroutines opP,
Premanent Execution System Subroutines
9. Fortran Monitor Control Card * DATA
10. Data Deck
11. End of File Card E@F

2. TAG Preprocessor Run

This set up is used whenever the solution pro-

gram itself is the only desired output of a TAG
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run.

The contents required in such a TAG system

deck are listed below in the order in which they

should

1.
2.
3.

be placed. )
Run Request Form
$JOB Card
System Control Cards
$SETUP UT8  P5530, NORING
SASSIGN SYsSuTs
SASSIGN SYSUT9
SASSIGN syYsuT7
$ASSIGN SYSUT6
SATTEND 0,77777 op.
Fortran Monit)f Control Card *
TAG Description Deck.

End of File Card EOF

Fortran Simulation Program Run

LZAD 12

This setup is used whenever it is desired to run

a circuit simulation using the Fortran program
The
contents required in such a TAG system deck are
listed below.

output of a previous TAG preprocessor run.

1.
2.
3‘

Run Request Form

$J@B Card

System Control Cards

$SETUP PL1 DISK, PL@T,,,1
SASSIGN SYSPL1

SSETUP UTO DISK, PUNCH
SASSIGN SYSUTO
SATTEND 0,77777

Fortran Monitor Control Card *
Fortran Simulation Program
All Fortran Subroutine Decks

OP.

OP.
OP.
OoP.

OP.

XEQ



7. All FAP Subroutine Decks oP.
8. All Binary Decks
Component Modeling Subroutines OP.

Permanent Executions System Subroutines.

9. Fortran Monitor Control Card * DATA
10. Data Deck
11. End of File Card EOF

Binary Simulation Program Run

One of the system outputs of every Fortran sim-
ulation program run is the Fortran compiled binary
equivalent of that program in card form. This
relocatable machine language deck may be used in
the TAG system deck for further simulation runs

in the same way that the Fortran simulation pro-
gram is used. The cards and decks required in
such a TAG system deck are listed below in the
order in which they should be placed.

1. Run Request Form
2. $J@B Card
3. System Control Cards
$SETUP PL1 DISK, PL@T,,.1 OP.
$ASSIGN SYSPL1 opP,
$SETUP UTO DISK, PUNCH OP.
SASSIGN SYSUTO orP.
SATTEND 0,77777 oP.
4. Fortran Monitor Control Card * XEQ
5. All Fortran Subroutine Decks OP.
6. All FAP Subroutine Decks OP.
7. All Binary Decks

Binary Simulation program
Component Modeling Subroutines OP.
Permanent Execution System Subroutines



Fortran Monitor Control Card *
Data Deck
End of File Card EOF
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‘ 5.0 EXAMPLE TAG ANALYSES

A. Introduction

Two example analyses are provided in this section as
an aid to the beginner and occasional user. The first
example is a simple single transistor colpitts oscil-
lator circuit using the non-linear Ebers-Moll tran-
sistor model to characterize the behavior of the
transistor. This first example is set up in great
detail as a rather idealized example. The whole
output listing is provided in this example as well as
a complete list of output plots. The second example
circuit is a simple saturating inductor inverter or
flux oscillator. This example is presented in much
less detail but does demonstrate the use of linear

. segmented modeling in transient simulation.
The Ebers-Moll transistor model and the three piece
linear segmented saturating inductor model subroutines
which were used in these two examples are available for

for reference at the end of section 3.C.

B. Example Colpitts Oscillator Simulation

1. Problem Preparation

All typical steps required in setting up the
problem are shown below in detail except for
measuring the transistor chracteristics and
calculating the parameters required by the model
used. The process starts with the circuit sche-
matic as shown below and the set of circuit param-

eter values for which the simulation is to be

. performed.



B+ +12V
.0047uf
22K
i:Cl
10mh
§ Rp1 L
pe—— C2
0, .0027uf
2N1613
10K 10K
RBZ RE VOUT

Colpitts Oscillator
Original Circuit Schematic




2,

Construction of TAG Equivalent Circuit
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~SV0001

SI0204 | S10203

k2
-E

$G0200 SG0400

-

This step demonstrates two of the inconveniences
of the present TAG system which could easily be
remedied. The first is that the TAG input
language, while easy to master, is not as close

to that used by the engineer as could be achieved.
The second is that, since TAG recognizes only
voltage sources, capacitances, conductances, reci-
procal inductances, current sources, and ideal
transformer turns per winding as components, non-
standard components such as transistors on inductor
initial conditions must be transformed into an
equivalent standard set of components. It is
often helpful to devise a transformation table



as shown below which gives all the information

required by TAG and relates it to the original

circuit schematic.

TAG Identi“¢ value in
gzeri Node ,Nos. TAG Function
ent. Type | - + units
Vg, v - 00 01 12. volts B+ fixed voltage supply
Cl C 0l 04 4 .7E-9 Part of Feedback and
farads Tank
C2 C ] 04 03 2.7E-9 Part of Feedback and
: farads Tank
L L } 01l 03 100. _ Part of tank and collec-
i henrys tor load
I | 01 03 0.0 amps Initial value of induc-
5 tor current
RE .G 04 00 1.00E-4 Emitter bias resistor
mhos
RBl G E 01 02 4 ,55E-5 One of two base bias
i mhos resistors
Rp, G E 02 00 | 1.00E-4 Second of two base bias
; mhos resistors
CEQl C } 04 02 ‘|[calculated| |Emitter junction capaci-
: by the tance
Cc c 03 02 TRAN3 Collector junction capa-
1l : . :
, subroutine| | ci1tance
! for Q .
IEQl I 02 04 1 Total emitter dependent
j current
ICQl I | 02 03 || Total collector depen-
: L _l |dent current
Vv 10l | 04 |-B.85 Cc, initial voltage value
volts
v 04 03 3.00 volts 02 initial voltage value




Creation of Coding Sheet Description of TAG

Simulation - The branch list may be copied onto
the coding sheets either directly from the equi-
valent circuit topology or from the transforma-
tion table. This is shown on the first coding

sheet below.

Next, the parameter description statements for
all non-standard components are listed. This is
shown on the second coding sheet where the tran-
sistor subroutine call statement, CALL TRAN3, is
listed. 1Its arguments refer to the equivalent
TAG components which are shown in place of the
transistor in the TAG equivalent circuit. The
subroutine relates the values of collector and
emitter current source currents and capacitances
to the transistor junction voltages. A listing
of this subroutine in Fortran II source language

form is given at the end of the simulation listing.

The second coding sheet also contains a DIMENSION
statement which sets aside extra computer stcrage
space for the multi-valued variables named. (See

a Fortran manual for explanation.)

The third coding sheet demonstrates the ease of
designating and labeling variables to be provided
as outputs during the simulation. Each of the
circuit variables named here will be printed out
in a column at a interval determined by the time
variable FOUT and labeled according to the set of
characters at the left of the equal sign. Placing
the print control character, D (for double space)

and S (for single space), in column 73 has led to



some confusion on the part of the keypunch
operators since this represents somewhat of a

non-standard operation.

The fourth coding sheet demonstrates one way to
use the automatic plot routine provided with the
TAG system. There is unfortunately much unneces-
sary and redundant coding required by this method.
The redundancy can be reduced somewhat by changing
the coding slightly, however, it remains a some-

what less than optimum situation.

Simulation termination control is also provided
on this sheet by the IF, GO TO, and END state-
ments. Transient simulation is continued until
FT, simulated time, becomes equal to or larger
than DONE, termination time. At that time the
second set of plot statements are entered and
the scaling is finished and the axis properly
labeled. All computational matrices are then
zeroed and the program looks for another set of
parameter data. If no more input data exists

the program terminates.

The final coding sheet demonstrates the input
format required by parameter data. Most of the
entries are single valued and self-explanatory.
However, the DATA entry can be seen to have 17
values. DATA is entered as an ordered array of
the 17 parameters required by the transistor sub-
routine, TRAN3. The function of each is given in

order with the TRAN3 source deck listing.
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These five sheets represent the total description
supplied by the user to the TAG analysis program.
From this, TAG will automatically perform a single
simulation run on the Colpitts oscillator circuit.
The cards generated from these sheets are then
combined with the computing system control cards
and the TAG execution deck and submitted to the

computing system operator.

C. Simulation Output

What follows are the listings returned to the TAG user
by the machine operator. 1Included is a listing of the
users inputs, a listing the TAG generated solution pro-
gram, and a list of data outputs which trace a time his-
tory of the circuit under analysis. At the end of the
listings is a set of curves which show several of the out-

put variables plotted against time.
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COMPUTER LISTING

TAG CIRCUIT DESCRIPTION



Jeagwed Swng  Axowmay L1LLLYO ~ aNalvs 07221560 6
01NSAS MNOISSYS C 221660 6.
HIONNd*3S 10 017 dN13Ss 0 221560 6
spavy dm23g Jwup advy T1dSAS NOISSVS 0 221660 6
A 1444101043510 11d dnN13Ss 0 221660 6
[943 102 WIS RS , 9INSAS NOISSvS 0 221560 6
h ) LINSAS ‘ NOISSVS 0 221660 6
61NSAS NSISSVS O 221660 6
8INSAS NOISSYS 0 221660 6
INTUHONGOEE S 1N dN13S$ O 221560 6
WST1G  MSIO MSIJ XS1Q MSIG MSIJ MS1G NSIQ AS10 MS1a  ASIQ  XSId LINN 0%
82 L2 92 62 %2 £2 2¢ 12 0¢ 51 g1 L1 Iv21907 0%
21 108RAS
NO119NNS
€£a 23 10 99 62 U] €9 29 19 N8 69 39 LINN 06
NSI10 MSIO MSIa %) NSTIO MNS1U MSIO ASIG AMSIa MSIG XS5Ia  XSId 1INN 0%
80 L0 90 60 %0 ¢0 20 16 00 b L€ 2€ IvI1907 0%
21N 11d 81N J1108AAS
185 1dd N0 INI 197 Lud HOd gl NOI1INNS
6V gv LV 9y cv by LV 2V 1v ¥d nd Uy LINN 06
HINIVD °V °9 GTI4104 V*IIREL40-L000%4000204G5¢#1D 8Ors



LJOB CI3955020004,600CT~-0,7887T79A FC1l,10 G. A. PACKER 095122

. XEW Fovlran Tuxecullior, Cavd

. LOAD(L2) Load TAG Proocxamw From Tape uné¢ 0TS



CIRCUIT DESCRIPTICA
SV0001,
‘ SCU104,5C0403ySC0402,5C0302,
SGO102, 560200, SCO4CC,
SLO103, B

SI02C4,510203,S5S10103+»

NLMBER 0F NODES IS 4
25C 55636 Max 340 COUNT 18



TRANSTENT ANALYSIS GENERATCR (W.J.THCMAS-JP

CALL TRANI(LSY042, SVO3CL935010204,48510203,4,35C0402,8$5C0302,NATA,
1CIF1sCICL LALGFT,KTNDC) ,

. CIMENSTUie DATACIT7),BFL(100)48F2(100),BF3(150),8F4(100),8F5(100)

CEATR= 50204
Cyast = SIN2C03+45102C4
CALL SCIOPE(FT,VLUT,BF141C09LlelHL,1H1)
CALL SCHPE(FT,,viByBF2,10Cy141H1,y1HL)
CALL SCUPE(FTyVHSFyBF3,1009191H1y LH1)
CALL SCOPE(FTZUCLTRs4F441009191H)41A1)
CALL SCOPEL(ETaCYASEL3F5410041,41H1,1411)
TF(FT=HONE) 2200 60,4,60

60 CALL SCNOPECRTVULUT =F1491C0424910HVOLT VOLTS,9RTIME SECS)
CAL). SCUPE(FTaVUBYyBIF2910C0,2,9HVCT VOLTS,IHTINME SECS)
CALL SCOPE(FTy Ve 4NF3410092y9HVRE VOLTSyIHTIME SECS)
CaLlL SCUOPECE Ty COLTRyBF4G4,100e 2y THIC AMPSyOHIIME SECS)
CALL SCOPE(FT9yCrASEsHBFS 1002+ 1OHILASE AMPS,9HTIME SECS)
GU 10 <000
£ND

TiMe = F1 C
VIN = Sv0o001l S
VOUuT= 5S5VCOa S
VCLTA=  5vn033 S
VEBASE=  SvauC? S
VBIZ = Sy0ary S
VEB = “Vvn2i3 S
CuUzL = 550301=#SL01C3 S
CCLTR==510203 )

S

S

é-



COMPUTER LISTING

TAG GENERATED

SOLUTION PROGRAM



TRANSIENT ANALYSIS GENFRATOR (WedJ.THCMAS-JPL
DIMINSTUN FS2L03),FV21(3)43FCL12(193)9FGL2(143)4FL12(143),FVR21(3),F
1C22(343),FI21(3),FG21(3),FG22(343),FL21(3),FL22(3,3),FSD21(3),FC?1
2(3),FC122(3,3)
DIMENSION FHB(6)LNH{6) 4FMIS(182)
CUMMON FMIS FVD214FSDL19FSD219FV21,FS119FS21,FT2,F1,LNF,FHP
DIMENSION FCMDMY(2790)
CUMMON FCMDMY
_DIMENSINON FTEML(3),FTEN2(3)
LNV=1
LNC=3
LNG=0
LNL =0
FSTEP=1.F-11
FEP3L2=3 E-6
FEPSL3=5.6-4
FEPSL 4= 1.E 1€
LTYPE=4
60 TO 000
DIMENS IO DATA(II)'tFl(lUU),%FZ(IOO).BF%(IUU)oHFé(lLO)'BFS(loO)
30 TIME=FT
WRITE QUTPUT TAPE 6,80CC,TINME
8000 FUORMAT (1HO 45X ,5SHTIME=4(16.8)
VIN=+FV1l
WRITE QUTPUT TAPE 6480CLeVIN
8001 FORMAT (1H ,46X.4HVIN=E16.3)
VOUT=+FVI1+FV21(1)
WRITE CUTPUT TArE 6,80C2,VUUT
8002 FURMAT (1H ,45X,SHVOUT=,[16.8)
. VCLTR=+FVIL+FV21(1)+FV21(2)
WRITE QUTPJT TAPE 6,80C3,VCLTR
8003 FORMAT (1H 444X ,6HVCLTR=,C16.8)
VBASE=4FVI14FV21(1)+FVZ21(3)
WRITE CULTPUT TAFE 6,80C4,VRASE
8004 FURMAT (1H ,44X,6HVEBASE=9L1048)
VHE=+FV?21(3)
WRITE CUTPUT TAVE 64,8005y Vhe
8005 FURMAT (1H ,46X,4HViiE=4E16.8)
VCE=+FVZ21(2)=-FVvZ1(3)
TWRITE CUTPUT TAPE 6,H0CE,VCE
8C06 FURMAT (1H ,46X44HVCE=41L1648)
CURL=(-FS21(1)-FS21(?))%SLO1C3
WRIIE CUTPUT TAPE ¢,80C7,CURL
8007 FOR“AT (1H 545X ,5HCURL=,E16.3)
CCLTR=-81021:3
WRITE UUTPUT TAPE 6,80C8,CCLTR
8008 FURIAT (1H 444X ,6HCCLTR=4E16.8)
CEMTR=SI0204
WREITE GUTPUT TAPL 6,80C9,CLMTR
8009 FURMAT (1H 44X ,6HCLENMTR=,E16.8)
CBASF=510203+4SIC204
WRITY OUTPUT TACE €4,50104CRASE
8C10 FURMAT (1H 444X 6HCRASE=E10.8)
CALL SCUPE(FTaVIUTynFLly1C0ylylkly1kil)
CALL SCOPE(E ToyVUEWRF2y LGUgi g 1HL 9 1H]L)
‘ CALL SCGPELFT, VEC B8 23 1CCy 1y 1HL,y 1H])
CALL SCUPE(FT,CCLTRyPF4,4100,1,1H1,1H1)

’7-Z



TRANSIFAT ANALYSIS GENERATOR (W.J.THCMAS—-JPL
CALL SCUPE(FT,C(:ASE,HFL)'lO:)yl.lHlylHl)
IF(ET-CONC)Y6200460,00
CALL SCOPE(FTyVOUTsBFL91C0929 1CHVOUT VCLTS,9FTINME ScCS)
CALL SCUPF{FTyVIiE4EF 2910042 99HVCE VOILTS,9HTINE SECS)
CALL SCOPF(ETyVEL yBF3,100Cy2,SHVBL VOLTS»9RTINME SCCS)
CALL SCUPC(FT,CCLTRRF4 100429 THIC AMPS,9RHIINE 5S5ECS)
CALL SCUPEIFT,CtASERFH,100,2, 10 BASE APy YHTIME SkECS)
Cu T0O €000
6000 CALL ZeEwUX(FS11l.1)

CALL ZUEROXUFS21,3)

CALL ZelOX(FVLIl,))

CALL ZE#QOX(FV2L,3)

CALL ZorOX(FCll,1)

CALL ZEROX(FINI1l,1)

CALL Zo 2CX(ECL2,413)

CALL ZERNA(FGll,1)

CaLL ZERUX(FGL2y3)

CALL ZERUX(FLLL,1)

CaLL ZerOx(FLY12:+3)

CALL ZEROXIFVN2143)

CALL ZerR0ox(fC22,9)

CALL ZerODX{FI21,3)

CALL ZuerOX(HG21193)

CALL Zt20XUFG22,49)

CALL ZERUX({FL21,3)

CALL ZEROX{FL22+9)

CALL ZEROX(FSDLL,1)

CALL ZERUX(IFSD2:i,3)

CALL ZERIIX(FC21,3)

CALL ZCROX(FVD1I1,1)

CALL ZEROX{FVOl.iyl)

FT=0C. ) o

CALL [INPUT (EHSIC1U3,510103,6HSIC203,S102C3,6H510204,S10204,46HSLO1L

103.SL0103,6HSGOLOO,SGO400.6HSGOZOO.SGOZOO,hHSGOlOZ.bGOLO?.éhSC0302

Z,SCUSDZ,6HSC0402.SC0402.6H560403.SCU@OB,@HSC0104.560104,6HSV0302.S

3VO30vaHSV040?.5V040?.cHSV0403.SV0403.6HSVCIO4,SV0104,6HSV0001.SVO

4001,2HFT,FT,SHFSTEP,FSTtP,%HFEPSL.FEPSL,bHFEPSLl,FEPSLl.6hr&PSL2,F
pEPSLZ.bHFtPSL?,FEPSL3,0HFEPSL4.FEPSL4,4HFDUT.FUUT.éHLDBGOlyLDaGOI-
64HLMAX.LMAX,SHLTYPE.LTYPt.bHLALGFT.LALGFT.AHDATA,DATA.4HDUNE.DCNE,
74HC[E1,CIE1,QHCICI,CICI.bHCCLTR,CCLTR,bHCBASE.CBASE,4HKTDC.KTCC,3H
SBFI.RFI,5HPF2.6F2,3HEF3,BF3,BHHFQ,RFa,3HRF3,PFb,AHVOUT.VCUT.BkVCt,
9VCk)
CALL INPUT (3HVBE,VHBLE,6HS$SSSEND)

- 6100 CONTINUE
LALGFT=1
FHB(L)=FSTEP
FHB(2)=1.E-5
FHB(3)=FLPSL4
FHB(4)=.5

o FHBUS)=FEPSL 2 . i e -
FHBL{6)=FEPSL3
LNH{1)=T7
LNH(2)=LNH( 1)

‘ LNH(5)=5
LINT=0

LCNT=1_




o« TRANSIENT ANALYSIS GENERATOR (W.J.THCMAS-JP

CFT2=0.
FTO=FT

FV11=+5V0001

. FV21(1)=+SV0104
FV21(2)=+5V0403
FV21(3)=45V0402
FC22(1,1)=+5C0104
FGL1=+560200+SG0400

FG12(1,1)=+560200+5G0400
FGL12(1,3)=+560200
FG21(1)=+560200+5G0400
FG22(1,1)=+SG01C2+5G02C0+S:0400
FG22(1,3)=+560102+560200

FG21({3)=+#S60200

FG22(3,1)1=+SG0102+SG02C0
FG22(3,3)=+SG01¢2+5602C0
FL22(1,1)=+5L0103
FL22(1,2)=+5L0103
FL22(2,1)=+5L01C3
FL22(2,2)=+5L01C3
F121(1)=+ST0103

CALL RSTOP (FSTOP,FT,FSTEP)

6200 IF(LCNT-3)6202,6201,62C1

6201 CALL STOP(FOUT,LINT)

- 6202 CONTINUE

GO TO (63954639C)sLALGFT

"76390 CALL ROUT (LINT)

)

IF(LCNT-2)6300,6300,30
CONTINUE
CALL TRAN3Z((+FV21(3)),(~-FV21(2)+FV211(3)),S10204,510203,5C0402,SC03
__102,DATA,CIE1,CIC1,LALGFT,KTDC)
FC22(2,2) =+5C0403+SC03C2
FC22(2,3)=-5C03C2
FC22(3,2)=-SC03¢C2
FC22(3,3)=+SC04C2+SC0302
FI21(2)=+S10203+S10103
_ F[21(3,=‘SIUZO4 SIOZC3 o
LALGFT=2 o
FOLT=FT-FTO
IF(FDLT)7030,47030,7025
7025 FVD1ll=(FV11-FVO1l1l)/FULT
7030 FVOll=tvVll
FT”=FT”~"____””_Mwmmmmm_>
CALL INVIFC22,FCI22+LNC)’
CFVD21=FCI22#(FI21-FG21#FV11-FG22#FV2]1~-FL21#FS11-FL22#FS21-FC21%FVD11)
CALL MULT(FC21,FVDL1L14FTEMLy3,4141) -
CALL MULT(FL224FS214FTEN293,1,3)
CALL PSUM(FTEM2,FTEM]L,FTEMLy3,1)
CALL MULTIFL21,FS11,FTEM2,3,1,0)
CALL PSUM(FTEM2 ,FTEM1,FTEML,3,1)
CALL MULTHIFG224FV214FTENM2,3,41,3)
CALL PSUM(FTEM2,,FTEML FTEML,4341)
CALL MULT(FG214FV11,FTEM2,43,1,1)
CALL PSUM(FTEM2,FTEM1,FTt'M143,1)
CALL MSUMIFI21yFTEMLoFTEML,y3,1)

A 66? CALL FMARK(LCNT FHR,04LTYPEs19190yFHC33,FT,FSTCP,0)




CALL MULT(FCI22,FTEM]1,FVD21,3,1,3)
FSD11=FVll

TRANSIENT ANALYSIS GENERATOR (WeJ.THUOMAS-JPI

7& NO 7042 L=1,LNC
FSD21(L)=FV21(L)
CALL ROUT(0)
END(190909090909190909C90909049090)
2SC 41305 MAX 1413 COUNT 466




COMPUTER LISTING

SAMPLE TRANSIENT SIMULATION




(UNIT) 43426
___ENOFIL 43451 . .__. — ' ) S
(10U) 44063 00000 44060
PDUMP 44115 00003 44111
DUMP 44114
XMIN v 44340 00coo 44340
MINUTE 44340 '
_CLOCK .. .44350 . I _ .

UNUSED CORE 44404 THRU 71571

EXECUTION 115237

SV0001= 12.0,

. 5C0104= 4,17E-9:S5CC403= Z&]E 9. — B
$SG0102= 4.55E-5,560200= 1l.E- 4,5604008 1.E-4,
SLO103 = 1004y
DATA= .75E-13,1.49E- 13,1.E-9,1. E 99¢9919.59.199E-84e2E-T92759.75,
e503433, 95.E-12y 33.E-1240.040.C4C.026 »

SI10103= 0.0,5vV0104=-8. 85,SV0403 3.0y
KIDC =04C1E1=049C1C1=00y
FOUT=.5E-6,00NE=1.E-4#

' TIME= O.
MNote VNee = Veg ’ . VIN= 0.12000000E 02
VOUT= 0.3]1500001E 01
_VCLIR= _0.61500000£ 01 . .

T VRASE= 0.31500001€ 01
, VBE= 0.

. VCE= 0.30000000€ 01
CURL= -0C.

CCLTR= 0.30002946E-08
_CEMTR= 0.14732408E-12
CBASE= -C.30001473E-08

TIME=  0.49999999E-06
VIN=  0.12000000€ 02
VOUT=  0.31394648E 01

o MCLTR= 0.61682902€ 01 . =
VBASE= 0.33863511E 01
VBE= 0.24688631E-0C
VCE= 0.27819391€ 01
CURL= 0.29237662E-03
CCLTR= 0.47417086E-C8

CEMTR=  0.22243039E-08

CBASE= -0.25174046E-08

TIME= 0.09999999E-05

VIN= 0.120000C0E 02

VOUT= 0.31569614E C1
_YCLTR=  0.62672298E 01 = =

VBASE= 0.35394736E 01

VBE= (0.38251217¢-0C

VCE= 0.27277561E 01

_ CURL= (.58182511€-03

. CCLTR= 0.36381918E-06

CEMIR= _0.36475313E-06_.
CBASE= 0.93394447E-09

TIMec= (0.15000000E-05
VIN= 3.12000000& 02

VOuT= (.32025065Et Ol - 2

urt 1TO-= N_ALLAERQAQAARE N1



VBASE=
VBi:=
vCe=

CURL=

CCLTR=

. CEMTR=

CBASE=

TIML=
VIN=
vVouTr=
VCL TR=
V3ASE=
: VBt=
VCe=
CURL=
CCLTK=
CEMTR=
CBASE=

TINME=
VIN=
viuT=
VCLTR=
VBASF=
VBE=
VCi=
CURL=
CCLTR=
C:MTR:
CHASL=

TI M=
VIN=
VOLT=
VCLTR=
VA SE=
VBE=

LV N ol
yue =

CURL=
CCLTR=
CHMTR=
CRASE=

[ITME=
VIN=
vVulTs=
VCLTR=
VRASE=
VHE=
vVCi=
CURL=
CCLTR=
CFEMTRR=
CPASE=

TIME=
VIN=
VULT=
VCL TR=
VRASF=
vet=
VCi=
CURL=
CCLTR=
CEMTR=

0.36592404€ 01
0.45673393E-00
0.27866593E 01
0.86432275€-03
J.627455T1E-05
U.63291856E-05
0.54628458E-07

J.20000000E-05
1. 12000000E C2
V32751995t 01
U.67001860E 01
0.37¢51154E 01
(e48991587E-0C
0.293507CbE Ol
Ue11359748E-02
0e22475403t-C4

0.2267T046E-04

0.20164384E-06

U.24999999E-05
0.120000C0F 02
0.33735574E Cl
0.70265195E 01
0.38643297C 01
(1.49077230£-00
0.31621898E 01
0.13930994£-02
0.23228103E-04
U.23436355E-04
0.20825132E-06

0.30000000E-05
012000000t 02
U«34956723L 01
G.74239041£ O1
0.39574259¢ 01
Ue461753€2E-CC
U.346€64781E 01
0.16321397E-02
0.76108846E-05
Je76T769684E-05
Ue66U63T14E-07

0+434999999E-05%
U.12000000E 02
0.36393169C 01
C.78H6H257E C1
0.40399669E Q1
C.40065013L-0C
U.3B846858T7E Cl
UelB49H244F-04
Ve 72926261 E~06E
Je73240428F-06
Ue31l4l16789E-08

0.4000060COEL-0"
012006000k G2
0.38020223t Ol
0.84068625t C1
G.41064414t Ol
0«30441920k-00
Le#43005209E (1
0.20424963E-02
Je22214178E~017
U.18380614E-07



CBASE= =0.38335643E-04

TI¥e= U.45000000E-05
VIN=  («12000000E 02
VOLT=  0.3981il186C Ui
VCLTR=  0.89763983E 01
ViiaSt=  J.4153122%t Ol
VBE= U.17200390E-00
VCe=  Q.48232757C €1}
CURL= yJ.22081030C-02
CCLTR= U.4933415HE-08
CEMTIR=  0.28299424E-09

CRASE= -0.46504215+-08

TIME=  0.499999990-05
VIN=  0.12000000F 02
VOLT= 0.41737361F 01
VCLTR=  0.95870087E C1
VBASE=  U.41795181E Cl
VBE=  U.57819923E-02
VCE=  ©.540T4906E 01
CURL=  0.23441719£-02
CCLT2=  (.540762196-08
CEMTR=  (.59663408¢E-11
CHASE= -0.54018555C-08
TIML=  4L.550U0000E=-05
VIN= 0.120000C0t 02
VIUT=  0.43768000E 01
VCLTR=  .10230179F 02
VPASE=  0.41882250E 01
VBt= -5.18857501E-00
VCE=  1.60419544C 01
CURL=  $.24488591E-C2
CCLTR= 0.60421018E-06

CEMTR= -0.18857624¢+-09

CBASE= -(0.623U6780F-08
TIME=  0e599999G9E-05
VIN=  0.12000000E 02
VUUT=  0.45870411¢t 01

VCLTR=  (.10896792E 02

V3ASE= (.41834828t 01

VBL= -0.403%5828E-00

VC:= 0.67133088E 01
CURL= 0.25207629E-02
CCLTR= U.67134561£-08

CEMTR= -G.40355962E-09
CCASF= -0.71170156€-08

TIME=  0.64999999E-05
VIN= 0.12000000t 02
VOLT=  U.48010529E 01

. VCLIR= v.11577369€ 02
VBASE= 0.41704301€ 0l

VBL= -0.63062280t 0O

VCE= 0.T4069398E 01
CURL= 0.25589366E-02
CCLTR= (0.74070871E-08

__ _CEMTR= -0.63062412E-09

CBASE= -0.80377112E-08

TINE= 0.70000000E-0%

VIN= 0.12000000€& 02
VOUT= 0.50152864E 01
VCLTR= 0.12262134E 02

-4




<
g = Y
TR L ’
L L | S F I I T I T I [}

CUKRL
el
CEAT
CBASCE

TINM:
vVIK
VLt
VCLTR=
VBAS{=
VBt =
YCc=
CURL=
CCLT?=
CdnMTr=
CuASe=

o

TIM. =
VIan=
VOoLT=
VCLTR=
VHBASE=
VBE=
VC:=
CURL=
CCL TR=
CeMTIR=
CBASE=

TIML=
VIN=
VOLT=
VCLTR=
VBA SE=
VBE=
VCk=
CURL=
CCL TR=
 CEMTR=
C3ASE=

TIM:=
VIN=
vouT=
VCLIR=

- TVBASE=

VBE=
VCc=
CURL=
CCLTR=
CEMTR=

vellblazeldil ¢l
~J.863360C4E (C
U.d1107079t Q!
Je2502947321-0¢
JaB110UASS1E-C8
-0.86386137C~-C9
“Le897471647-08

Ge149999G9E-0"
1.12000000L Of
0e522617001z C1l
Ue12941238r 02
Te%1272534F 01
-J.109891¢6t Ol
D.88139851t 01
0e25328192c-02
0.88141324(C-08
-(C«10989179E-0C¢
-57913C5C3k-08
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TiM =
VIN=
vouur=
VCLTR=
VRASE=
VBE=
VCiz=
CURL="
CCLTR=
CiMTR=

Ue42591867E Ol
-0+37534751E 01
0.13286204E 02
0.4444239T7E-02
0.13286351E-07

“Ue37534764E-08

-0.17039827E-07

0.34999995E~04
0.12000000E 02
0.83750607E 01
N«18697216E 02
U.42027127E 01
-U.41723479E 0Ol
0.14494503E 02
0e41377924E-02
0.14494651E-07
-0.41723493E-08
-0.18667000E-07

Ue39499994E~-04
U.12000000E 02
0«86991302EF 01
0+19749435E 02

0.41496263E O1

-0.45495038E€ 01
0.15599808F 02
5437761827E-02
0.15599956E-07

-0.45495051E-08

-0.20149460E-07

0.35999954E-04
0.12000000E 02
0.89797083+ 0l
0.20687174C 02
0.40990855c 01
-0.48806228L 01
0.16588089F 02
0.33647694£-02
0.16588236E-07
-J.48806242E-08
-0.21468860E-07

0436499994E-04
U.12000000E 02
U.92121310E 0l
U.21497046C 02
0.40349323E 01
~-J.51771986E 01
Ua1T462114F 02
0.29096070E-02
JelT7462261E~-07
-0.51772000E-08
-0e22639461E-07

036999994 E~(C4
0e.12000000E C2
Ve9392H8216k 01
0.22168081F 02
(1.39741746F 01
-Ue54l86469t (1
U.181939C6iL (2
0e241737T74E-072
we18194053F-07
~-ieb41lb6483t-08

$o )5



CBASE= -~vedobi2?C 31

TIMI=  U.37499993E-04
Vin= 0.12000000C 02
VOUT=  0.95186046E 01
VCLTR=  0.22690832E 02
VBASF=  0.38996030F 01
VBe= -U.56190015¢ 0l
VCE=  0.18791229C 02
CURL=  0.18952549€-02
COLTR=  0.18791375€-07
CEMTH= -u.56190028£-08
CBASE= —5.264410378E-07

TIM = U.37999993E-04
VIN= 0.12000000¢ 02
VOLT= 0.95878407t 01
VCLTR= 0.23059063E 02
VBASE= 0.38027703F 01
VBL= -0.57250704E 01
VCk=  0.19196293k 02
CURL= 0.13508543E-0%
CCLTR=  0.19196440E-G7
CEMTR= -0.57250718E-08

CBASLC= -C.24921511E-07
TIME=  0438499992E-04
vIin= 0.12000000E 02

VOUT=  J.95986524% 01
VCLTR=  U.23267274E 02
VBASE=  0.38129332F 01

VBE= =0.87857T192F Ul
VCE=  U.19454341k 02

CURL= 0.792G3091t~-03
CCLTR=  Go19454487F=07
CCEMTR= =~J.578972056-08
CPASE= =0.25240207E=07

1IME= 0.389999493E-04
vin= 0.1200060008 02
vVoLT= 0.95%04019E 01
VCLTR= 0.23312836C 0¢
VBASE= 0.37351861t 01

VB:i= =-0.581»215%8L 01
VCr=  0.195%77651t 07
CURL= (7422683998 -012

CCLTR= U.19577799E-01
CEMTR= =0.58152171E-08
CRASE= -U.25393016E-07

fIVMe= 0.39499992E-04
VIN=  0.12000000t 02
VOUT=  U.944430431: 01

VCLTR= 1423196897 02
V3ASL=  J.371v33180 0!

VBi= —u.bT73397258 01

vCi.= Lel964865651 O
CURL= =0.3365%633:-03
CCLTR=  .19486T13E-07
CEMTr= =0.57335733E-08%
CHASL= =0Le25:206836F~-01
TINk: GCe39949962+-C4

VIin=  U.12000000F 02
VILT= £.92805702¢ 01
VCL T = 0422920302 U



VBASc=

0.36408656E C1

VBE= -0.56397046F 01
VCE=  0.19279437¢ 02
CURL= —-(+89014029E-03
CCLTR= N.19279584F-07
CEMTR= -0.56397059E-06
CHASE= =(.24919290L-07
TINME=  0.40499991t-04
VIN= ©,12000000t 02
VOLT=  $.90617690F 01
VCLTR=  .224883B4F 07
VRASE=  0.35764673E Ol
VBE= -0.54853018t 01
VCr= 0.18911917C 0z
CURL= =0.14259931£~02
CCLTR=  0.18912064t-07
CEMTR= —-0.54853031F-08
CBASE= -0.24397366E-07
TIVME= U.40999991E-04
VIN= 0.12000000C 02
VOUT=  U.87907948F 01
VCLTR= (0.21908028F 02
VRASE= U.35211908k 01
VBL= -L.52696040E 01
VCk= 0.18386837F 0O
CURL= =(«1936505%E-02
CCLTR= (0.18386985E-07
CEMTR= -0.520696053E-08
CBASE= -0.23656590£-07
TIM = (0.41499991E-04
VIN= 0.12000000F 02
VOUI= 0.84711722F 01
VCLTR= (0.21188072€ 02
VRASi = 0.34676772E 01
VBE= -0.50034951E 01
VCL= 0.17720395F 02
CURL= -0.24144687£-027
CCLTR= (0.17720542€E-07
CEMTR= -0.50034964E-06
CBASE= -U.22724038E-07
TIME= 0.41999990E-04
VIN= 0.12000000f 02
vOUuT= 0.81071958E 01
VCLTR= 0.20339439F 02
T VBASE= 0.34154870€ 01 ) I
VBE= -0.46917088E 01
VCE= 0.16923952E 02
CURL= -0.285316T74E-02
CCLTR= 0.16924099E-07
_ CEMTR= -0.46917102€-08 =
CBASE= -0.21615809E-07
TIML= 0.42499990E-04
VIN= 0.12000000E 02
VOUT= 0.7T037977E 01
VCLTR= 0.19374878E 02 o L
VBASE= 0.33646633E 01 T
VBE= —0.43391344E 01
VCE= 0.16010215E 02
CURL= =0.32464795E-02
CCLTR= (0.16010362€-07

CEMTR=

~0.43391357E-08



CRASE=

TINV =
VIN=
VIILT =
VCLIR=
VSASE=
va: =
VCi=
CHURL=
CCLTn=
CEMTR=
CRASE=

TINM =
VIAN=
vVoLT=
VCLTR=
V3ASE=
VBE=
VCf=
CURL=
CCLTx=
CEMTR=
CuASe=

Moo=
VIN=
vOouT=
VCL TR=
VBASE=
VBi =
VCu=
CURL=
CCLTK=
CEMTRR=
CRASL=

TfML=
VIiN=
vuL T=
VCLTR=
VBASI =
VBE=
VCt=
CURL=
CCLTIR=

_CEMTR=

CBASE=

I M=
VIN=
vouT=

_ __VCLTR=_

VBASE=
VBr=
VCE=

CURL=
CCLTR=
CEMTR=

CBASE=

TiMr=
VIN=
vouT=
VCLTR=

-0e20349437L-07

S e42997990F =04
Je12000000, 02
V.72664697 01
0.18308766t 02
1.33153287¢ 01
~Je395%11409%: 01
U.14993437¢ 0/
~0.35889614L-02
Je149935R864F-07
—Je39511427:~08
—0.16944T726F=01

Ue43499990E-04
J«1200GU00E 02
0.68011790k 01
0.17156889E 02
Ue32614140E 01
-Ue35337650¢ 01
U.13869475E 02
-0.38759295E-02
U.138069623k-07
-5e35337663E-04
-0.17423389€-07

Ue%3999989E-04
U«12G00000EC (2
Veb3142912E 01
Uel59306225k G2
0e32214842F 01
-0e30928070t 01
Ue12714741t 02
-0.41035%033E-9¢
Uel27148R7E~-0T7
-3430928083L-08
~U.15807696k-07

Je444999900~-04
Ue120000COE 02
058124509t 01
U.14664654E 02
0e31765316E U1
-0.26359192€ 01
VDell488122E 02
—0.42686991L-02
0«11488269€E-07

-0.26359206£-08

-0.14124189E-07

0e44999989E-04
0«12000000E 02
053025284 01
_0.13360759E 02
031332538k 01
-0.21592745€ 01
Vel0227504F 02
“0e43694296E-02
0.10227652E-07
—0.21692758€E-08

T0.12396928E-07

U.45499989E-04
0.12000000€ 02
0.47914836F 01
0.12043501¢ 02



VBASE=  0.30909934E 01
VBE= -0.17004902E 01
VCt=  0.89525079E 01

CURL= =0.44045507E-02

CCLTR= 0.89526551E-08

CEMTR= -0.17004915E-08

CBASE= -0.10653146E-07

TIM:=  0.45999988E-04
VIN= 0.12000000€ 02
VOUT= (0.42862593E 01
VCLTR=  0.10731936F 02

VBASE= U.30473500E 01

VBF= =-0.12389092E Ol
VCt= 0.76845856t 01
CURL= -0.43738731k-02
CCLTR= Q.T76847327E-08

CEMTR= -0.12389106E-08

CBASE= —-0.89236432E-08

TIME= 1N.46499988E-04
VIN= (0.12000000& 02
vVuT=  0.37937634t 01
VCLTH= 0.94450390C 01

"VAASC= (.30025650E 01

VBL= -U.79119834E 00
VCE=  0.64424739E 01
CURL= -U.42781564E-02
CCLTR=  0.64426212E-08
CEMTR= —0.79119966E-09
CBASE= -0.72338209E-08

TIME=  1.4699998BE-04
VIN=  0.12000000E 02
VOUT= 0.33207068F 01
VCLTR= 0.82013439E 01
VBASE= U.?9543878E 01
VBE= -0.36631895E-00
VCL= 0.52469561t 01
CURL= =0.41190978E-02
CCLTR= 0.526471033E-08
CEMTR= -0.36632028E-UY
CBASE= -0.56134236E-08

TIML= 0.47499987E-04
VIN=  0.12000000t 02
VOUT=  0.28735323F 01
VCLTi=  0.70186859E 01
VABASE=  0.28972090E 01
VBE= 0.23676741E-01
VCE=  0.41214769C 01
CURL= -3.38993082E-02
CCLTR=  (.41219904E-08
CEMTR=  5.24044965E-10
CBASE= ~0.40979455E-08

TIVM. .= L.47999987E-04
VIN= 0.120000C0E 02
viul=  0.24584159Et 01
VCLTr= 0.59140222E 01
VRAS:=  (.28223323E 01
VYBF=  0.36331654c~00
VCh= 0.30916899t Ol
CURL= -u.36222671%-07
COLTR=  J.17969657E-006
CrMIR= U.17857254E-06

5=~ /9



CBASE= -0.11240430.-08

TIML= (.4B49998TE~-04
VIN= 0.12000000E 02
VOUl= 0.20813318E 01
VOLTR=  0,48570393F 01
VBASE= 0426901232k 01
VBL= 0.60879146E 00
VCE= UV.21669161FE 01
CURL= =0.32919226E~-02
CCLTR=  0.21742219E-02
CEMTR=  (4,21939661E~-02
CBASEF= 0.19744126E~04

TIMO=  0.48999987E-04
VIN= (C.12000000t 02
Vilul=  0.1750004L1lE Ol
CVCLTR=  0.29316566E_ 01
VEASE=  0.23917467F 01
VBE= 0.64174262E CO
VCii= 0.53990984€ 00
CURL= -0.28903949E-0?
CCLTe= U.T7216035&-0/¢
CEMTR=  Q.,77917293E~-07
CRASE= 0.70125737E-04

TIVM:= 0.49499986E-04
VIN=  10.12000000F 0Oz
ViLT=  0.14753257c C1
VCLTR=  0U.13820509E 01

VBASE=  1.19457681( 01
VBE=  $.47044239£-04)
VCi= =2.56371719€ 00

CURL= -0.238BbB2625E-02
CCLTR= -0UeT5749506E-C3
CCMTK= =-0.37333725E~04
CBASc= 0.38415781F-03

TIM_=  U.49999936E-04

VIs= U.12000000F 02
VaLT= 0.l2671825€ 01
VCLTR=  J.920043361E 00
VbASt=  0.14639204E 01

VBE=  J.21673738E-0C

VCi= -G.56348644E UC
CURL= -0.18451126E-02
CCLTR= -0.T76134510k-03
CEMTR= -0.38067173E-03
C3ASt=  (.38067336£-03

TIML = 0.50499986FE-04
VIti=  1e12000000t 02
vall= 0.11255458E 01
VCLTR=  0.63276174& 00
VBASEF=  U.ll967021+ 01
vt = JeT1156327t-01
VCi= -U.56394044F UC
CURL= -0.12832140t-22
COLTR= =0 TT4T4489E-03
Cr¥TR= =0438757209+-03
CRASE=  0.38737279C-03

[IM-= U.5099998LE~U4

VIiv=  3.12000600F 02
VOLT=  $.10485762F CL
VELTR=  J.31%%99313& 00

¥- 20



VRASE=
VBE=
VCE=

CURL=

CCLTR=

CFMTR=

CRASES=

I NMi=
VIN=
vuur=

VCLTR=

VBASE=
vBEC=
vee=

TURL=

CCLIR=

CFMTR=

CHASE=

TINME=
VIN=
VOUT=
VCL TR=
VHASE=
VBE=
VCt=
CURL=
CCLTR=
CEMTR=
CRASE=

TINvG=
VIn=
VoLT=
VCL TR=
VBASE=
VBE=
VCL=
CURL=
CCLTR=
CEMTR=

CBASE=

TIME=
- VIN=
VOouT=
VCLTR=

VBASE=
VBt=
"VCE=
CURL=
CCLTR=
CEMTR=

TIME=
VIN=
vouT=
VCLTR=

0.10799628E 01

(+31386627+=01
~0.56396973E 00
-0.7112339%€-03
-U.77561816E-03
-0.38780876E-03

0.38780939£~03

Je91499985E~04
0.12000000E 02
1«10336582L 01
Ge56152547TE 0OC
Je11236610F 01
Ue90002757E-01
-56213555t 0C
=0.13751960E-03
—)eT2278127E-03
—U«36133326€E-03
Je36139400E-03

0.51999985L-04
0.12000000E 02
1.10775178€ 01
U.T5747078E 0C

V.1313882RE€ 01

0e23636501E-00
-Je55641209L 0UL
0.43011423E-03
~6e57997185E-01
—Ue28998475E-03

Ge2899BT10E-03

Ue52499985E-04
0«12000000€ 02
0.11763631F 01
0.10864930€ 01
J«16371051F 01
Ue46074205E-00

-0.55061214F 00
0.98453783E-03

-0.4566934TE-03

-0+22462098E-03
3e42320T7248E-03

0.52993984E-04
J.12000000€ 02
Ue13266193E 01
UG.13819403E 01

T 0.19333991€ 01

0.60677983€ 00
-0.55145887t 00
Uel5214834E-02
0.15329720E-02
0.17909337E-02

CBASE=" 0.25796167¢-03

0e53499984E~-04
0.12000000E 02
0.15280367E 01
0.15913360E 01

“VBASE=

VBE=
VCE=
CURL=
CCLTR=
CEMTR=

0.21395903E 01

0.61155362E 00
-0.54825430E 00
0.20473879€-02
0.19941350E-02
0.22279862E-02

&~ 2/




CBASE a23385127E-03

"

TNV = 1e 53999984 -4
VIN=  U.126G90000E 02
vaui=  0.17786133C 01
VOLT<= uel8517219C 01
VBASE= 14239460892 01
VEBL=  0.61579563E 0C
YEE= =0.54288T706¢ 00
CURL= {(4256151924L-0¢
CCLT== 0D.25016771£~-0¢
CiMTH=  Ua26998983E-02
CHASE=  0e.19822112¢+-03
TIVMi= Ce54499984E-04
VIn= (.12000000€ O/
vilut=  (0.,20763250% 01
VOLTR=  0.21615957L 1
VLASH=  (a269587140 0}
VBr= (0.619%4645F 0C

VCr= =0.93427580t 00

CURL= (.30c14068E-07
CCLTu= 14304060011 -02
CeMTR= 0.31942350E-0¢
CLASE=  U.15363484E-03

TIVi-= Ue54999983E-04%

VIN= J.12000000k 02

VoUTl= u.24177548c 01
VCLTR= 0.25181998€ 01
VBASE=  (0.30394968t 01

VRL= (0.62174211L OU
VC = =0.5%21297069C 00

CURI = U.35446410E-02
CCLTR= 04342761 179E-02
CEMTR= 0.35352453E-02
CuoASt= (.10762736C~-03

TIMF=  (0.5%499983FE-04

VIiN=  0.12000000t 02

VOLT=  0.28001057E 01
VCLTR= 0.29325285F 01
VBASIZ=  0.34231623E 01

VHL= J.623D05662t 0Q0

VCi= =0.49V063375E-00

CURL= (0.40086608E-02
CCLTR= (0.3T172233E-02
CEMTR= 0.37745043E-02
CBASE= 0.57281082c-04
TIME= (0.55999982E-04
VIn= €.12000000t 02
VOLT=  (.32201686E 01

. VCLTR=__0.34837630E 01

VBASE= 0.38372432t 01
VBE= 0.61707472E 0OC
VCt= -0.35348019E-00

CURL= (0.44492764E-02
CCLTR= 0.29897133E-02
_CEMTR=_ 0.30169865E-02
CHASE=  Q.2T7273170E-04
TIML= Ge56499983E-04
VIN= (0.12000000E 02
VOUT= 0.36741734E 01

VCLTR= 0.44198699E 01}

F-22



VBASE=  0.42625234E 01
VBE= 0.58835001¢ 00
VCi=  0.15734653E-00

CURL= 0.48537014E-02

CCLTR=  U.99050578E-03

CEMTR= 0.99950174E-03

CRASE= 0.89959648E-05

TIME=  0.56999982E-04
VIN= (0.12000000E 02
VOUT= 0.41569827t 01
VCLTR= 0.57619724E 01
VBASE= 0.46381389E Ol
VBE= 0.4811%624E-00
VCE= 0U.11238334t 01
CURL=  0.52002684E-02
CCLTR= 0.16045818€E-04
CEMTR=  0.16190889&E-04
CBASE= U0.14507099£-06

TIML= UV.5T499982E-04
VIN= 0.12000000€ 02
VOUT= 0.46629334E 01
VCLTR=  ).72457750k Ol
VBASE= 0.48605818t 01
VBt = Uel19764840E-00
VCe=  0.23851931t 01
CURL= 0.54753771t-02
CCLTR=  D.26802713E-08
CEMTR=  0.49525645E-09
CHASE= =0.21850149¢-08

TIME= 0.57999981£-04
VIN= 0.12000000f 02
VOUT=  U.S5186611%E 01
VCLTR=  (.87912825¢ 01

" VBASE=  0.49071616E Ol
VBC= =0.27944983E-00
VCE=  0.38841209E 01
CURL= 0.56T746633E-02
CCLTR= U.38842682E-08
CEMTR= =1).27945116£-09
CPlASKE= —-0.41637193(E-08

TIME= (0.58B499981E-04
VIN=  U.12000000E 02
VIOLT=  0.57220132L 01
VCLTR= 0.103783%5E 02
VEAST= UV.48333576E 01
vBE= —0.88869560F (0
VC== Ue55%449972t 01
CURL= 0.57955515E£-02
CCLTR=  U.55451445E-08
CEMTR= -0.888065693E-09
CBASE= —0.64338014E-03

TINME= U.58999981E-04
VIN=  0.12000000k 02
VouLl= (C.62618704E 01
VCLTR=  0.11985470E 02
VBASE=  0.47159545k 01
VB:= =0.15459158L 01
VCir=, uU.T72695163k Ul
CURL= U.583064926E-02
CLLTR=  Q0.72696636E~08
COIMTR= —0e15459172F-08



CBASE= -0.881558080~0 .

TIML= 0.59499981(C-04
VIN=  {$.12000000& 02
VOUT= 0.67979009E 01
VCLTR= (.13%8969.F 02
VBASE= U.46015096F 01
VBE= =0.21963912¢ 01
VCt= 0.89881827F 0l
CURL= 0.5T797052¢E-02
CCLTR= U.89683299t-08
CEMTR= =(0.21963926E-08
CBASE= -u.l11184722E-07

TIVME= 2.59999980€-04
VIN= y.12000000E 02
VOUT= 0.73214867F Ul
VCLTKR= U.15167588E 02
VBASE= 0U.45040454E 01
VBe= -0.28174413t 01
VCF= U.10663542E 0¢
CURL= 0.56773619t-02
CCLTR= 0.10663690E~-07

CEMTR= -0.28174426E~08
CBASLI= -0.13481132+-07
TIV-= 0.60499980FE~-04

VIik= (C.120000C0t 07
VouT= L.T8241690E 01
VCLTR= 0.16696072F 02
VBASE=  U.44216080C 01

VBE= -0.3402560%E Ol

VCi= U.l2274464E 02
CURL= 0.54811174E-0/
COLTR= J.12274612E-01
CeMTR= -0.34025622E-08
CraSi= -0a15677173+-07

TINMI = 0.60999940F-04
viN= C.12000000E Q2
VUUT=  5.82979033: 01
VCLTRR=  U.18152936t 02
VBASC=  Ua434544CT75 01
VBE= =-0.39494625¢t 01
VCir=  N.13804495F 0/

CURL=  Ua52095497+-07
CCLT= 1.138046431-07
Ciz"Te= -0.39494639E£-03
CBASE= —0.177%4106E-07

TiV:i= (.61493979¢c-04

VIN= 0.12¢000C0F C&
VuLi= L.873%1719f 0Ol
VOLTR=  (.195%17170c C:Z

VHASI= u.42785896LC 01
VRE= —-U.44565821E Cl
VC0io=  C.152345408 C2

CURL=  (.48673730C0-72

ceLTy J.15238728L-07
CEMTR= =0.44565835C-0F
CBASE= =0.196595311E-C7

IIM==  0.61999979E-C4
vIan=  22.120000008 C7
VOoLT= ©.7912919C2& C1
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C. Example Flux Oscillator

1. Problem Preparation
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Flux Oscillator

Original Circuit Schematic
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Program Listings

2.



Computer Listing

TAG Circuit Description
and

Data Decks for Two Cases

J0-/



. SV0GC02 ¢ SV0004

CIRCUIT DESCRIPTION

"'$C0009 s SCO008

SCOL1CY » SCO308 ,

"'$G0405 » SGOBO6 s SGO90T s SGOLO8 o SGO309 ,

|

S1090C » SIC90L

S1080C » SIVBO3 ,

S$S10202

SNO60C/01-1 »

SN00O7/01-1

SNO102/01-4 o - )

SN0203/01-4

SN040S5/01~-2 »

25C 5

NUMBER OF NODES IS
5636 NMAX 698 COUNT 22

149-;2



TRANSIENY ANALYSES GENERATUR (WedeTHOMS
SV0002 = VP20 o

CALL TKA\I3(5V0009'SV0109,$510900135[09019$SC0009155C010910ATAQ1'
— 1DUM,CUMZLALGFT,0). R
CALL H{AN3(SVUOUBpSV03089351080015510803v$5€0008'$SC030810AIAQ?,
‘ 10UMsCUM LALGFTL0) . .
CALL PLINC ‘SSO3OZ'RlNDlySTATEvaISATlp$lFLXST1.$2FLXST2,
_1FLXINLs CATAL9LLCNT s LALGKFT L) S
SIV203 = RINDLI#{SSO3C2+FLXINL) ‘ClSATl'STATEl
DIMENSIGN_BF1(100),BF2(100),8F3(100),8F4(100),B8F5(1Q0),BF6(100)
DIMENSIUN UATAL(6)y CATAQL(17), DATAQ2(17)
- —_ 30 CONTINUE . .. __
TIML -T

= F C
e STLP__=_FHC _ o _ S
| VOUT = $V0405 S
VBQl__ =_SV0009 S
VBQ2 = SV0008 S
.. VCWl ___=_SV0001 — LS
VCw2 = SV0003 S
_______ _VFEL = SV000T7 . o S
VEB2 = SV0006 S
FIMAG _= 510203 S
VPRI = S$V0302 S
.. . PFLUX_ = 550302 #FLXINY ____ R S __
STATE = STATEL S
. RIND. .= RINDL _ o S_ .
J=1
IF(ET~-DONE)_60560,461 . _ .
61 J=2

60 CALL_ SCUPE(FT,VOUT:BFI:IOOerIOHVOUT VOLTS,y9HTINME SECS) _ .
f CALL SCUPE(FT,VBQlyBF2,1004J,10HVBQLl VOLTS,9HTINME SECS)
- CALL_SCUPE(FT4VC(19BF3,1009J,10HVCQ1l VOLTS,9HTINME SECS)
CALL SCGPE(FTyVFBLlyBF4,1009J+10HVFBLl VOLTSy9HTINME SECS)
CALL_SCOPE(FIMAGsPFLUX4BF521005Jy 14HFLUX VOLT-SECS,9HIMAG_ANPS) . .
CALL SCUOUPE (FToFIMAGBF6491009Js9HIMAG AMPS,9HTINME SECS)
— IF{J-=116200+6200,60Q0C
END




e 1DUM s CUMs LALGFT,0)

4"'_,

— 1FLXINLs CATAL LLCNT s LALGFT, 1) _

— 30 _CONTINUE

TRANSIENT ANALY. . GENcAATUR (WedeTHOM/
SV0002 = vp2o R —
CALL IKAN3(5V0009,SVCIO9,$510900,$SIO901,$SC00091$SC0109 DATAGL,

CALL [IRAN3(SV0008, SVO308,$SIOBOO,55108037$§C0008v$SC0308 DATAQ?,
.1DUM,CUM, LALGFT,0) -
CALL PLIND (SSOBOZ.RINDI STATEl ,CISATL, $1FLXST1:$2FLXST2:

$S10203 = RINDLI#(SSO3G2+FLXINL) -CISATL#STATEL

DIMENSION BE1(100Q),BF2(100),8F3(100),6F4(100)48F5(100),BF6(100)_____
DIMENSTUN UATAL(6)y CATAQL1(17), DATAQ2(17)

|
{
i
{
I

TIME = FT c
: STCP__=_FHC I 5.
‘ VOUT = SV0405 S
VBQl__ = SV0009 s
VBQ2 = SV0008 S
o .__.VCQL___=_SVG00l S
VCq2 = SV0003 S
— _____NFBLl __=_SV0007 e S
VFB2 = SV0006 S
FIMAG = $10203 .S
VPRI = SV0302 S
o __PFLUX__=_550302 +FLXINL_ e S
STATE = STATEL S
e ___.RIND . ..= RINDL o e ) s .
J=1

IF(FT-DONE) _60,60461

61 J=2
— 60 CALL__ SCUPE(FT;VOUT:BFI:1001Jp10HVOUT VOLTS,yGHTIVME SECS).

L CALL SCUPE(FT,VBQLyBF2,100,J910HVBQL VOLTS,9HTINME SECS)

CALL_SCUPE(FT,VC(1,BF3,100,J,10HVCQLl VOLTS,9HTINME SECS)

CALL SCGPE(FT)VFBLyBF4,1009JyLOHVFBL VOLTS,9HTIME SECS)
CALL_SCUPE(FIMAGPFLUX48F541005J9 14HFLUX VOLT-SECS,9HIMAG ANMPS)
CALL SCUPE (FTyFIMAG,BF64100+Js9HIMAG AMPS,9HTIME SECS)
IF(J=-116200,6200,600C

END

I



. SETHI 45622 . . — X _
SETLOW 45617
.‘___. WRITEB 45407 o . e
WRITLD 45405
_ READL ____ 45402 N I I
READC 45400
o CUNIT) 45616 i _ R _
ENCFIL 45641
(.10U) 46253 00000 46250
POUMP 46305 00003 46301
o ___DUMP___ 46304 .. . il .
\ XMIN 46530 00000 46530
b _MINUTE 46530 . _ _ e
CLOCK 46540
UNUSED CURE 46574 THRU 71571

EXECLTICN 002919

THIS RUN_.IS INVERTER_3_USING PLIND_FOR_THE PIECEWISE LINEAR . ____
INUUCTOR MOLEL, U RATIO OF 1000. :

YP2C = 20.0 ’
SGC4C5 = .390 £E-2
SG08CL_=_.464 _£E-3 e e
SG0907 = 464 E-3

_SG0108 _=_a375_E~-4 » e e - e
SG0309 = .375 E-4
LATACL = -75DE:1311JA3£:13J1J£:3JJJE:91199101t250l.lngfBJAlﬁgf:ju

0750' 4750’ 0501 03310095E‘9' 0033E"9,00010001 .026’
EAJAQZ_E#J750E313,lxﬁQE:JBJl.E:BJlJE:9:.9901:0250:oL99E°8:.lQQE:I_

07509 .750'.50' 03370095E-9'.033E-9 '000,0.0' 0026'
CATAL =100es 24155 20005+152E35.333E641000.,

FEPSLZ2 5.E-8 ’
FEPSLS SaE-6 s

FOUT =0.1E-6,DONE =20.0E-6*




SAME AS ABOVE BUT THE U RATIO IS CHANGED TC 500.

CATAL(6) = 500e.% = . e e e
- ——— - ‘_“——‘_—'T“
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Computer Generated Output Curves

SC 40 20 Plotter
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